SEWAGE 
AND 


INDUSTRIAL WAST 


(Formerly Sewage Works Journal) 


) JOURNAL of the FeperaTion OF SEWAGE AND INDUSTRIAL WASTES ASSOCIATIONS 
j 


Special Gealures 


Activated Sludge Fundamentals—-McKinney and Horwood |: 


Filter Fly Control—Schaetzle 
Ammonia Still Wastes—Mathews 
Beet Sugar Wastes Guide—Black and McDermott: - 


National Water Policy-—Howson 


FEBRUARY, 1952-—VOL. 24, No. 2 


‘ 
= j 
4 
4 
: 


‘Notice to all Active Members 
of Member Associations 


R 


Your prompt payment of 1952: dues 
will avoid interruption in receipt of 
SEWAGE AND INDUSTRIAL WASTES 
as well as other Federation services. 
Undue delay may make it impossible for 
a complete volume of the JOURNAL to 
be furnished. : 


& 


Please remit immediately upon re- 


ceipt of the first dues notice from your 


Member Association Secretary. 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 
325 Illinois Bldg. Champaign, Ill. 
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SEWAGE AND INDUSTRIAL WASTES 


IMPORTANT BASIC FEATURES 


Chicago 


MAXIMUM REMOVAL 
CLEAN GRIT 


NO MECHANISMS The Chicago Aer-Degritter provides the 


only method of removing grit and sand from 
sewage without movable mechanical equip- 
LOW COST ment. Air introduced through Chicago Swing 
Diffusers and Precision Diffuser Tubes con- 


SIMPLE STRUCTURE trols the velocity of the flow. All sand of 0.2 
: mm. (65 mesh) and larger is washed and de- 
. posited in a hopper at the bottom of the tank. 
Analysis of grit removed by this system 
INDEPENDENT OF FLOW shows less than 10% volatile matter and only 


a negligible trace of putrescible organics. Be- 
cause course sewage material will not inter- 
fere with the operation of the Aer-Degritter 
and because it does not affect the hydraulic 
design of the plant, Aer-Degritters may be in- 
stalled ahead of all mechanical equipment. 


Chicago Aer-Degritters are operating suc- 
cessfully at Oildale, Calif., Columbus, Ohio, 
Tomah, Wis., Bellaire, Texas and Sedalia, Mo. 
Aer-Degritters being installed include Fort St. 
John, B. C., Warsaw, Ind., Elmira, N. Y., Okla- 
homa City, Okla., Port Washington, N. Y., 
Anderson, S. C. Design flows of these plants 
range from .75 to 160.0 MGD. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


2300 WOLFRAM STREET CHICAGO 18, ILLINOIS 
feriscete) Veruca: Noe Cogs Aerators Combination 
Water Soa Pumping Unite 


AeretorClaritiors Commiaurera 
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SEWAGE AND INDUSTRIAL WASTES 47a 


Keep track of 
OPEN 


There are three ways to handle open flow: 
Leave it unmetered. 


2) Build a comparatively expensive concrete 
flume with accuracy dependent upon pre- 
cise formwork. 
Install a Builders Kennison Nozzle... 
the sure way to get accurate open 
flow metering under the widest 
range of flow conditions. 


Kennison Nozzle 


Here ore ao few of the reasons why so mony sewage, waste 
treotment, ond industrial plonts ore finding Builders Kennison 
Nozzle the ideol way to meter open flow! This scientifically 
designed nozzle comes ready for installation. Accuracy, built-in 
ot the factory, is not dependent upon precise forms, structures, 
spillwoys, channels, weirs, or flumes. The special shape of this 
nozzle results in a very efficient roting curve, insuring accurate 
metering ot both high and low flow rates. In handling solids- 
bearing liquids, the Kennison Nozzle has o self-scouring action 
which helps keep moint to o mini 


Builders offers several instruments for metering flow through 
Kennison Nozzles. The Flo-Watch is accurate, readable, trustworthy 

. available for totalizing, indicating, or recording flow. With 
its weatherproof case, Flo-Wotch moy be installed right ot the 
nozzle .. . o dependable, low-cost metering setup. When central- 
ized flow information is required, Builders Chronoflo Telemeters 
and P tic Syst ore ilable. For plete information 
ond descriptive Bulletins 135-F2, D11-300.20, 285-G2, and 230- 
H4, address Builders-Providence Inc. (Division of Builders Iron 


Foundry), 368 Harris Ave., Providence 1, R. I. m.... 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
Arex O. Taytor, Secretary 
Box 69 : 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Assn.° 
Harry S. Jorpan, Sec.-Treas. 
c/o Sanitary Div. 
Arizona State Dept. of Health 
Capitol Building 
Phoenix, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. Harrison HAte, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 


California Sewage Works Assn. 
Sam A. Weep, Sec.-Treas. 
Room 315, City Hall 
Oakland 18, Calif. 


Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas. 
Ontario Dept. of Health 
Parliament Bldgs. 
Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
A. Paut Troemper, Sec.-Treas 
c/o Illinois Sanitary Water Board 
Springfield, Ill. 
Dakota Water and Sewage Works Conf. 


North Dakota Section* 
Jerome H. Svore, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak 


South Dakota Section* 
Cuartes E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health 
Pierre, S. 


Federal Sewage Assn. 
LEONARD B. Dworsky, Sec.-Treas. 
c/o Div. of Pollution Control 


Washington D. C. 


Florida Sewage and Industrial Wastes Assn. 
Donatp P. Scuresswout, Sec.-Treas. 
1203 Cherry St 
Jacksonville 4,, Fla. 


Georgia Water and Sewage Assn.* 
A. T. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


German Sewage Technologists Association 
Wituetm Bucksteec, Sec.-Treas. 
Schliessfach 1112 
Ruhrverband, Essen, Germany 


Institute of Sewage Purification 
Martin Lovett, FSIWA Contact Member 
206 Bradford Rd. 

Wakefield, Yorks., England 


Institution of Sanitary Engineers 
Ernest Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1 
London, England 


Iowa Sewage Works Assn. 
Leo HottKamp, Sec.-Treas. 
P. O. Box 310 
Webster City, Iowa 


Kansas Sewage Works Assen. 
wicut F. Merzter, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall 
University of Kansas 
Lawrence, 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
R. Paut Farrer, Sec.-Treas. 
420 Sixth Ave., N. 
Nashville 3, Tenn. 


Louisiana Conference on Water Supply and 
Sewerage * 
Georce L. West, Sec.-Treas. 
Water Dept. 
Lake Charles, La. 


* Sewage Works Section. 


Maryland-Delaware Water and 
Asen.* 
W. M. Binctey, Sec.-Treas. 
2411 N. Charles St 
Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
. M. Prerce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334 Administration Bldg. 
Lansing 4, Michigan 
Missouri Water and Conf.* 
Warren Kramer, Sec.-Tre 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
H. B. Foote, Sec.-Treas. 
Div. of Sanitary Engineering 
State Board of Health 
Helena, Montana 


New England Sewage and Industrial Wastes 


ssn. 
Watter E. Merritt, Sec.-Treas. 
c/o State Dept. of Health 
511-A State House 
Boston, 
— Jersey Sewage and Industrial Wastes 
ssn, 
Micwaet S. Sec.-Treas. 
P. O. Box 7 
Manville, n° ‘. 
New York Sewage and Industrial Wastes Assn. 
C. Sweeney, Secretary 
c/e State Dept. of Health 
21 N. Broadway 
White Plains, N. Y. 
—_ Carolina Sewage and Industrial Waste 
sen. 
E. C. Husparp, Sec.-Tre 
North Carolina State Board of Health 
Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
J. E. Ricwarps, Acting Sec.-Treas. 
301 Ohio Depts. Bidg. 
Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Waste 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health 
Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Rosert O. Sytvester, Sec.-Treas. 
Civil Engineering Dept. 
More Hall 
University of Washington 
Seattle 5, Wash. 
Pennsylvania Sewage and Industrial Wastes 
Assen. 
S. Busu, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center 
Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Atvan R. Prerce, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832 
San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
Cc. Harness, Sec.-Treas. 
272 City and County Bldg. 
Denver, Colorado 
— Carolina Water and Sewage Works 
sen. 
W. T. Linton, Sec.-Treas. 
Wade Hampton Bldg. 
Columbia, 
Swiss Assn. of Water and Sewage Profes- 
sionals 
Water Darpet, FSIWA Contact Member 
Aarberg (Berne), Switz. 
Texas Water and Sewage Works Assn.* 
V. M. Euters, Sec.-Treas. 
501 W. 33rd St. 
Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Assn. 
G. R. Tatcort, Sec.-Treas. 
415 W. Franklin St. 
Richmond 20, Va. 
West Virginia Sewage and Industrial Wastes 
Assen. 
Gren O. Fortney, Acting Sec.-Treas. 
State Dept. of Health 
Char in, W. Va. 
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SEWAGE AND INDUSTRIAL WASTES 


HOW TO MEASURE 


TRADE WASTES 
ACCURATELY 


In accordance with anti-pollution laws recently enacted 
by numerous states, most industries now face the task 
of purifying their plant wastes before discharging them 
into adjacent streams and rivers. 

This purification process usually requires special plant 
construction, and invariably the necessity exists of ob- 
taining flow data, whether this be the simple indication 
of flow rate or a more permanent method of recording 
and totalizing the flow through the plant. With purifica- 
tion processes of this kind, measuring equipment usually 
is located at the point of discharge of partially filled pipe 
or in open channels, where low heads or pressures exist 
and where measurement is either difficult or impossible 
when using standard forms of measuring instruments. 


The Simplex type S Parabolic flume, either alone or in 
conjunction with a Simplex type HF water float operated 
meter, is the ready answer to this measuring problem. 
Compact in design, with no pockets or grooves to catch 
sediment or solids, and capable of operating under low 
flow conditions, the unit measures over long ranges, 
from maximum to 59% of maximum capacity. 


Available in standard pipe sizes of 6 inches to 36 inches, 
diameter inclusive, the flume can be attached to even 
larger sizes by means of eccentric reducers. 


Write for Bulletin 210, to the 
Simplex Valve & Meter Company, Dept. 2, 
6719 Upland Street, Philadelphia 42, Pa. 


METER 


COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 
Texas Water and Sewage Works 
Association 
New Jersey Sewage and Industrial 
Wastes Association 


Louisiana Conference on Water 
Supply and Sewerage 

Arizona Sewage and Water Works 
Association 


Arkansas Water and Sewage 
Conference 


Montana Sewage and Industrial 
Wastes Association 


South Carolina Water and Sewage 
Works Association 


Maryland-Delaware Water and 
Sewerage Association 


Virginia Industrial Wastes and 
Sewage Works Association 


Michigan Sewage and Industrial 
Wastes Association 


Ohio Sewage and Industrial Wastes 


Treatment Conference 


New England Sewage and 
Industrial Wastes Assn. 


Alabama Water and Sewage Assoc. 


Central States Sewage and Ind. 
Wastes Assn. 


Pennsylvania Sewage and Ind. 
Wastes Association 


Iowa Sewage Works Association 
Rocky Mt. Sewage Works Assn. 


Kentucky-Tennessee Industrial 
Wastes and Sewage Works Assn. 


South Dakota Water and Sewage 
Works Conference 


Place 


Texas A. & M., 
College Station, 
Texas 


Hotel Traymore, 
Atlantie City, N. J. 


La. State University, 
Baton Rouge, La. 


Maricopa Inn, 
Mesa, Ariz. 


Engineering Building, 
University of 
Arkansas, 
Fayetteville, Ark. 
Northern Hotel, 
Billings, Mont. 


Clemson College, 
Spartansburg, S. C. 


Wardman Park Hotel, 
Washington, D. C. 


Hotel Roanoke, 
Roanoke, Va. 


Park Place Hotel, 
Traverse City, Mich. 


Commodore-Perry 
Hotel, 
Toledo, Ohio 


Hotel Elton, 
Waterbury, Conn. 


Pitts Hotel, 
Auburn, Ala. 


Loraine Hotel, 
Madison, Wisc. 


Pennsylvania State 
College, 

State College, Pa. 

Grinnell College, 

Grinnell, Iowa 


Frontier Hotel, 
Cheyenne, Wyo. 


Andrew Johnson 
Hotel, 
Knoxville, Tenn. 


Marvin-Hughitt Hotel, 
Huron, So. Dakota 


Time 


March 9-13, 1952 


March 12-14, 1952 
March 19-21, 1952 
April 3-5, 1952 


April 7-9, 1952 


April 10, 1952 

April 10-12, 1952 
April 17-18, 1952 
May 12-13, 1952 
May 19-21, 1952 


May 21-23, 1952 


May 22-23, 1952 


June 4—6, 1952 
June 

Aug. 27-29, 1952 
Sept. 9-11, 1952 


Sept. 15, 1952 


Sept. 15-17, 1952 


Sept. 17-19, 1952 


SILVER ANNIVERSARY MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
New York Sewage and Industrial Wastes Association 
Hotel Statler, New York City 

October 6-9, 1952 
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SEWAGE AND INDUSTRIAL WASTES Sla 


STATIONS 


Good reasons why they are your best buy 
FOR EVERY MUNICIPAL INSTALLATION 


SHONE PNEUMATIC EJECTORS 


FOR HANDLING CRUDE SEWAGE AND SLUDGE IN SEWAGE LIFT 
IN SUBWAYS 


IN MUNICIPAL SEWAGE PLANTS 


These far-sighted communities wanted 


the best, chose Shone Ejectors for recent 
installations: 

Daytona Beach, Fla. (6) 

Los Angeles, Calif., Hyperion Treatment Plant (2) 
Campus, University of Washington, Seattle (2) 
Chicago, Il!., West Side Subway Extension (22) 
Osceola, Iowa 

Mt. Clemens, Mich. 

Freeport, L. I., New York (6) 

Port Washington, L. 1., New York (2) 
Moorehead, Minn., Treatment Plant (6 
Anacostia Treatment Plant, Washington, D. C. 


A few of hundreds of older Shones operat- 
ing as efficiently and dependably as ever: 


Long Beach, Calif. Winona, Minn. 


Ft. Lauderdale, Fla. Brookhaven, Miss. 
Pensacola, Fla Butler, Mo. 
Silver Springs, “Fila. Rolla, Mo. 
Dublin, Ga. Bloomfield, Nebr. 
LaPorte, Ind Manchester, N. H 
Warsaw, Ind Auburn, N. Y. 


Tawas City, Mich. 
Faribault, Mino 


Vv no wet well | 
Vv no noxious fumes or odors 


¥ no danger of explosion 


¥ no screens or shredders -- 
no repulsive cleaning job 


For 75 years, in hundreds of municipal 
installations around the world, Shone 
Pneumatic Ejectors have been a sym- 
bol of utter dependability. 


You may have heard the amazing story of the Shone 


Ejector sealed in its pit for more than 20 years— 
never inspected because it was not listed among 
mechanical equipment; rediscovered when alteration 
work opened the pit—operating as rhythmically and 
quietly as the day it was installed. 


MINIMUM MAINTENANCE 


Shone Ejectors require no attention. They can be 
operated from distant compressors—and several can 
be operated from a single compressor plant. 


Write for Bulletin 4000-C—contains Air Volume and 
Pressure Table, sizes, dimensions, air piping lay- 
outs and other comprehensive specifications. 

Use the coupon—for convenience. 


YEOMANS 


BUILDINGS, MUNICIPALITIES, 


YEOMANS BROTHERS COMPANY 
1411 North Dayton Street, Chicago 22, Illinois 


| 
x Winnsboro, La. ulsa, Okla. 
Providence, R. 1. Please send your Bulletin 4000-C 
: Baltimore, Md. Memphis, Tenn. | 
Detroit, Mich. Dallas, Tex. 
Pontiac, Mich. Milwaukee, Wis. 
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“An increasing application of ozone by industry is 
certain. Resourcefulness and ingenuity are necessary 
in finding its practical use.”! 
1. Murdock, Harold R., Ind. and Eng. Chem., 
Vol. 43, November, 1951. 


nd increase 


Low-cost, efficient Welsbach Ozone offers industrial users a new 
tee! ...@ tonnage exidant at surprisingly low cost—with no full time 
supervision or labor necessary, with opereting costs constant and 
predictable and maintenance costs negligible! 


in installations ranging from chemical processes to treatment 
of industrial wautes to weter purification, it is teday's outstanding 
chemical oxidant. 


You con depend on Welsbach Ozone... with a constant flow 
of ali the ozone you want, twenty-four hours a day, day-in and day- 
ovl. Add te that these extra dividends: no procurement problems, 
no materials handling and no storage expense. And no production 
delays because Welsboch Ozone is generated at the point of use 
Mit alweys available! 


Welsbach's yeors of ozone research opened the door... industry 
it finding Welsbech Ozone the answer to its oxidation problems. it 
could be the answer for you! 


WELSBACH 


THE WELSBACH CORPORATION 


2409 W. Westmoreland Street, Philadelphia 29, Po. 
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flights. 


Simple, direct, positive trac- 
tion drive. Extremely lc w 
peripheral speed assures min- 
imum agitation. 


Settled sludge is collected by a plow 
with a brass squeegee and carried con- 
tinuously to the drawoff hopper by 
the slow-moving conveyor with steel 


Floating material is carried to a 
trap at the outer end of the bridge 
by the return run of the conveyor 
and discharged into the scum 
hopper with each revolution. 


Rugged bridge pivots on a large ball bear- 
ing. Outer end is mounted on a solid rub- 
ber tired traction drive wheel equipped 
with anti-friction bearings. Forward 
wheel stabilizes mechanism. 


Corrosion- and wear- 
resisting conveyor 
chains are Promal with 


SLUDGE PIPE 


a tensile strength of 
70,000 Ibs./sq. in. 


Removes all sludge 


aS from tank floor in one revolution 


LINK-BELT Circuline Sludge — 
offers efficiency of Straightline Action 
for round settling tanks 


G™ quick, positive sludge and scum removal 

from round settling tanks with Link-Belt Circu- 
line Sludge Collectors. Famous Straightline action 
provides high efficiency and greater solids concen- 
tration. 


That's because maximum sludge concentration 
and complete sludge and scum removal are accom- 
plished—in the shortest time—without septicity 
... without maintaining any sludge blanket. 


Circuline Collectors are part of the complete 
Link-Belt line of quality equipment. Our sanitary 
engineers will be glad to work with your engineers, 
chemists and consultants to give you the best in 
modern water, sewage or industrial liquids treat- 
ment equipment. 


LINK-BELT COMPANY: Chicago 9, Indianapolis 6, Philadel- 
phia 40, Atlanta, Houston 1, Minneapolis $, San Francisco 24, 
Los Angeles 33, Seattle 4, Toronto 8, Springs (South Africa). 
Offices in principal cities. 12,555 


Uniform radial distribution of in- 
fluent is provided by solid and 
perforated baffles that dissipate 
the kinetic energy. 


In water, sewage and industrial liquids plants, inter- 
mittent operation (usually once or twice per day) as- 
sures high efficiency and real economy. In final tanks 
of activated sludge plants operation is continuous. 


SANITARY ENGINEERING EQUIPMENT 


SCUM BAFFLE AND 
EFFLUENT WEIR 
| 
SLUDGE HOPPER } | 
Ne 
| 
: 
LINK<@} BELT 
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View of Sewage Treatment Plant, Hommond, 
Ind one of the many plants where Clow 
Cast Iron Pipe in short lengths was furnished 
to exact specifications 


The sanitary engineer, faced with difficult piping prob- 

lems, knows the importance of short lengths of pipe. The 

Clow shops, completely equipped with the latest machin- 

ery run by experienced mechanics, will fabricate pipe to and threaded ... 
exact specifications. Pipe can be furnished flange and flange, — 
flange and bell, flange and plain end or both ends plain— 

in all sizes 3 through 24 inches and in all laying lengths 


up to 18 feet. F 
...10 your exact requirements 


Clow Threaded Cast Iron Pipe in Clow shops 
Clow Cast Iron Pipe is also available in Iron Pipe Size 
O.D., with flanged, plain, or threaded ends. May be cut, mn 
threaded and fitted on the job or we can furnish to your oN Dn 
exact specifications. In 3’’ size—16 ft. random lengths; 4”, ey ( 2 
8” and 10” sizes—18 ft. lengths. 


For Cutting Cast Iron or Steel Pipe 
The Clow Strickler Ratchet Pipe Cutter makes smooth, .. 
Strickler Ratchet Pipe Cutter 
square lathe-like cuts easily—quickly—in the field or in 
the shop. inches. 


and their Nationa! Cast Iron Pipe 
Division, Birmingham, Alabama: 


lowe Valve Co. Oskaloosa, lowe 


54a \ 
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i JAMES B. CLOW & SONS 
ae 201-299 North Talman Avenve . Chicago 80, Illinois | 
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This Bly screen chamber and intake 
was devel en y Malcolm Pirnie Engineers of 
New York. Advantages of this design are 
simplicity, complete absence of moving parts, 
screen € am r use of standard Everdur* well screens and use of 
hydraulic backwash to clean the screens. 


ith The use of Everdur for screens promises long 
WI screen life with a minimum of maintenance. 


Everdur copper-silicon alloys provide an ideal 
structural metal for and sewage 
installations and wherever rust and corrosion 
are problems. They are strong, highly resistant 


to fatigue and easy to fabricate by oxyacetylene 
and electric welding into low cost. 


Anaconda will gladly advise you on translating 
your designs into Everdur. Write The American 
Brass Co., Waterbury 20, Conn. In Canada: 
Anaconda American Brass, Ltd., New Toronto, Ont. 


6 
*Reg. U. S. Pat. Of. — 


where corrosion resistance counts—consider 


® 
ANACONDA, auovs 
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PEKRUL MODEL 56 GATES with © 
Philadelphia Limitorque Model is 
M30 Motorized Lifts in operation || 
at Denver Sewage Disposal Plant. — 


PEKRUL GATES are engineered to 
meet the most rigid requirements ; 
for: 

Flood Control 
Levees 
Irrigation 
Water Works 
Dams 
Sewage Disposal 
Reservoirs 
Pumping Plants 
Oil Refineries 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools 


Cooling Towers 


BROS. MACHINERY CO. 
DENVER, COLORADO 
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| SCREENS 


Jeffrey pi ed in the develop t of the 
Back-cleaned Screen—has over ten years of 
expérience in the design and building of this 
type of mechanization. 


lt is available in either inclined or vertical 
positi is highly rec ded for all dif- 
ficult screening problems, whether the plant 
is small or large. It is fool-proof. Dozens of 
installations prove its dependability and low 
maintenance. 


Above — Two of four fine Above—rear view of the 
Screens installed in the 26th al : a> Fine Screens (upper left) in the 
Ward Sewage Treatment 26th Ward Plant showing 
Works, New York City Belt Feeder and Screen- 

Also: 


SLUDGE COLLECTORS f 

SLUDGE ELEVATORS Left — Two of four coarse 
FLOCTROLS Pie heavy duty Screens at the 
GRIT WASHERS Ae same plont. 

GRIT COLLECTORS 

BAR SCREENS 

GRINDERS Send for 
CHEMICAL FEEDERS “ 7, Catalog No. 833 
CHAINS 


eee 
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For High Efficiency 
in Clarifying Sewage 
and Industrial Wastes 


Because of its high efficiency in 

coagulating suspended solids and 

colloids .. . readily and economi- 

cally ... “alum” is the choice of 

experts America over for clarify- 
ing wastes. 

And because of its 50-year-old 
reputation for consistently high 
quality and uniformity, General 
Chemical! Aluminum Sulfate is the 
first choice “alum.” So be sure... 
for high efficiency in clarifying 
sewage and industrial wastes, al- 
ways specify General Chemical 
“Alum” for your operations. 


1 Clean and easy to to handle 
2 Dry feeds well or dissolves readily for solution feeding 


3 Simple application; requires only low cost feeding apparatus 
and minimum attention 


4 Makes clear, low-color effluents possible 
You Benefit 8 Ways 
When You Use 5 Flocs effectively over wide pH and alkalinity conditions 
General Chemical Aluminum Sulfate 6 Helps sludge digest and dry readily with 
minimum of odor 


7 Reduces chlorine consumption in the effluent 


8 Economical to use 


BENE CREMICLES 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Offices: Albany © Atlanta ¢ Baltimore * Birmingham ¢ Boston 
Bridgeport * Buffalo Charlotte * Chicago Cleveland 
Denver * Detroit * Houston © Jacksonville * Los Angeles 
Minneapolis * New York ¢ Philadelphia ¢ Pittsburg 
Providence * San Francisco * Seattle © St. Louis 
Yakima (Wash.) 
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited © Montreal © Tereate Vasceaver 
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DIFFUSAIR at Kirkwood, 


DIFFUSAIR installation at Kirkwood, 
Mo. Impingement nozzles and bowls 
are on headers at lower Jeft side of 


Mo. in 


operation showing effective “spiral 
flow” agitation and aeration of 


tank liquor. 


FOR 

SEWAGE 

WASTE AND 

WATER TREATMENT 
PRE-AERATION ... 
ACTIVATED SLUDGE... 
CARBONATION 


Write tor Bulletin 17$31 


The Impingement Aerator is a unit developed to 


accomplish more effectively and economically the dif- 
fusion of air as small bubbles to agitate and oxygenate 
aeration tank liquors. 


The principle involved is the combining of a low velocity 
jet of tank liquor and large air bubbles within an open 
bowl-like impinger. The cavitation effect thus produced 
divides the air into smaller bubbles than those diffused 

from a No. 30 permeability porous tube. The amount and 
pressure of the impingement water is very low when 
compared with the progressive back pressuring of the 
blower that persists when other types of 

air diffusers are employed. 

The impingement liquor is derived directly from the 
aeration tank mixed liquor, and is lifted with a simple 
‘air-lift unit from which 1/3 of the fine air is re-entrained 
and utilized for oxygenation. 

The air is released along headers through 3/16 inch 
orifices in the impingex units and no air clogging is possible. 
No filtering of the compressed air supply is required 

since there are no fine diffusion pores to become clogged. 


PROQUIP \ WALKER PROCESS BQUIPMENT INC. 


FACTORY + ENGINEERING OFFICES + LABORATORIES 


AURORA, ILLINOIS. 
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O make way for a vehicular tun- 

nel on the new four-lane James J. 
Storrow Memorial Embankment 
Expressway along the Charles River 
in the Back Bay section of Boston 
it was necessary to relocate an 8-ft. 
diameter marginal conduit. 


Because of its many qualities, 
reinforced concrete pipe was chosen 
for the new sewer. In all, 2040 ft. of 
96-in. straight pipe and 225 ft. of 
96-in. radius pipe were used, manu- 
factured in 8-ft. lengths (ASTM 
specification C76-41, Table 1). 


The subsoil in the area was so soft 
it was considered necessary to build 


a special support for the pipe by 
driving piles into the subsoil and 
adding a bed of gravel covered with 
a concrete mat. This uniform support 
at the base of the pipe increased the 
load the pipe can carry. 


This is another example of how 
concrete pipe can be used to solve 
difficult or unusual sewer problems. 
You can depend on concrete pipe for 
rugged durability, great structural 
strength, maximum hydraulic capa- 
city, minimum infiltration and leakage. 


With its moderate first cost, low 
upkeep and long life concrete pipe 
delivers Jow-annual-cost service. 


AMERICAN CONCRETE PIPE ASSOCIATION 


228 NORTH LA SALLE STREET, CHICAGO 1, ILLINOIS 
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INERTOL PAINTS 


specified at modern Las Vegas plant 
by Engineer Ralph O'Neill 


Inertol Bituminous Grades 
CInertol Standard and Inertol 
Standard Thick ) protect sub- 
merged steel and concrete 
surfaces—speed up sewage 
flow—make cleaning easier. 


Glamortex alkyd resin 
enamels add a lasting, mar- 
resisting finish to piping, 
stairs, railings, machinery 
and non-submerged metal 
surfaces. 


INERTOL coatings meet the most exacting requirements 
for modern sewage treatment plant 


@ Consulting Engineer Ralph O'Neill of 
Glendale, California, specified durable 
Inertol coatings because they met his 
rigid requirements for hardness, chemical 
inertness, clasticity and beauty. Mr. 
O'Neill knew that each Inertol paint was 
developed especially for sewage plant 
application—sure to provide long-range 
economy, quality performance and result- 


ing customer satisfaction. 

Upon request, our Field Technicians 
will be pleased to discuss the Inertol line 
with you—show you how Inertol coat- 
ings have been used profitably in thou- 
sands of plants throughout the country. 
Or send today for our free *‘Painting 
Guide,’ useful to Design Engineers, 
Plant Superintendents and Contractors. 


INERTOL CO., INC. 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


27 South Park, Department 2 
San Francisco 7, California 
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collects and thickens voluminous solids 


Looking for clues for the effective removal of oils, light suspended 
solids and toxic metals? Then investigate the Cyclator. 

The Cyclator combines chemical treatment, solids recirculation and 
mechanical thickening within a single, compact, space-saving 

unit for complete treatment of a wide range of industrial wastes. 
You can count on a pure effluent at low cost—and in many 

cases— gain substantially by recovering by-products and by the re- 
use of purified water. 

Ask for complete information including Cyclator case histories. 
Available in our Bulletin 850. 


NFI Ito INFILCO INC. Tucson, aren | Plants in Chicago & Joliet, Illinois 


FIELD ENGINEERING OFFICES IM 26 PRINCIPAL CITIES 


World’s Leading Manufacturers of Water Conditioning and Waste Treating Equipment 
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Unit Substations 


G-E application engineers select products like 
these to form the co-ordinated electrical system 
that exactly fits your plant requirements. 


Here’s Help on 
Your Campaign for 


CLEAN WATERS 


General Electric helps make your pollution- 
control program a success in three ways: 


1. Aids you in winning public support 
through the G-E packaged program 
“Modern Sewage Treatment”’ includ- 
ing the color sound movie Clean 
Waters. 


2. Assists your engineers or consult- 
ants in the formation of electrical plans. 


3. Manufactures a complete line of 
dependable electric equipment for 
sewage treatment plants. 


To take advantage of this complete, 
three-way service, contact your G-E repre- 
sentative early in the planning stage when 
he can help you most. General Electric 
Co., Schenectady 5, N. Y. 


GENERAL ELECTRIC 
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to aid peak 


defense production 


Collect and 


your and 


Steel 


Mr. Q-Check says dig for scrap metal 
—search every nook and corner of your 
pipe yard—scrape the bottom of the bar- 
rel! For iron and steel scrap is critically 
needed to aid peak defense production 
in steel mills and iron foundries. 


The average pipe yard has some or 
all of the following sources of scrap 
metal, according to whether pipe is used 
for water, gas, sewerage or industrial 
service: 


Obsolete fittings; cut pipe (short pieces 
of distribution or service pipe); damaged 
hydrants, valve boxes, manhole covers, 
etc. It all adds up to a vital contribution 
to defense production. 


Collect your scrap now. Phone your near- 
est scrap dealer. He wants what you have 
but quick, and pays good cash prices. 


CAST IRON PIPE RESEARCH ASSOCIATION . . . CHICAGO 
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B.0.D. reduced over 98% 


. from 3000 ppm to 33 ppm! 


That's the job this industrial waste treatment plant is doing at the 
L. A. Dreyfus Company in Oaktree, New Jersey. Installed in 


a residential neighborhood, the plant plays an important part in this 


Company’s comprehensive waste treatment control plan. The 
flowsheet includes equalization and pre-digestion in special 30’ dia. Dorr 
Digesters followed by the Biofiltration System using a Dorr 
Clarifier and a Dorrco Distributor. 
There’s no “‘cure-all’’ for industrial waste treatment. But there’s a 
good chance that Dorr’s diversified equipment and diversified 
experience can add up to the right kind of solution. The 


L. A. Dreyfus Company's installation is just one example. 


@ If you have a waste treatment problem we would 
welcome the opportunity to work with your con- 
sulting engineers. If you are a consulting engineer 
actively engaged in waste treatment, our experience 
is at your disposal. 


WORLD - WIDE RESEARCH ENGINEERING EQUIPMENT 


THE DORR COMPANY - EMGIMEERS - STAMFORD, CONN 
Associoted Componies ond Representatives in the principal cities of the world 
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Sewage Works 


FUNDAMENTAL APPROACH TO THE ACTIVATED 
SLUDGE PROCESS * 


I. Floc-Producing Bacteria 


By Ross E. McKinney ¢ AND Murray P. Horwoop 


Research Assistant and Professor of Sanitary Science, respectively, Sedgwick Laboratories 
of Sanitary Science, Massachusetts Institute of Technology, Cambridge, Mass. 


The widespread use of activated 
sludge for waste treatment has 
prompted considerable research on im- 
proving this process over the past quar- 
ter of a century. The majority of re- 
search has been directed towards the 
physical and chemical aspects of the 
process as a whole. Very little has 
actually been done to study the funda- 
mental units of activated sludge, the 
bacteria, as such. It is the purpose of 
this paper to present information on 
some of the floc-producing bacteria 
found in activated sludge. 


Previous Work 


Butterfield (1) was the first to iso- 
late an organism which formed a floe 
similar to activated sludge when 
aerated in a suitable substrate. This 
organism was identified as Zooglea 
ramigera. 

The ability of Z. ramigera to oxidize 
organic substrates was studied quite 
extensively by research teams of the 
U. S. Public Health Service in Cincin- 
nati (2)(3)(4)(5). Heukelekian and 
Littman (6)(7) also isolated the 
zoogleal organisms found in activated 
sludge. A review of the cultural char- 
acteristics of all of the organisms that 
they isolated showed that the bacteria 


* Presented at 24th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; St. Paul, Minn.; Oct. 8-11, 1951. 

t Present address: Foundation of Applied 
Research, San Antonio, Tex. 


were of the class Z. ramigera, as set 
forth by Butterfield (1). 

Later, in 1941, Butterfield and Wat- 
tie (8) found that the zoogleal organ- 
isms active in the trickling filter were 
identical and interchangeable with the 
zoogleal organisms in activated sludge. 
Wattie (9) followed this work with 
extensive research on the cultural char- 
acteristics of a large number of zoogleal 
organisms isolated from both trickling 
filters and activated sludge. These bac- 
teria were also classed as Z. ramigera. 

Aside from the research of Butter- 
field, Heukelekian, and Wattie, very 
little work has been done concerning 
the bacteria in activated sludge. The 
rapid ability of 7. ramigera to stabil- 
ize nutrient substrates has caused it 
to be accepted as the primary organism 
in activated sludge and has resulted 


’ in an apparent lack of interest in the 


remaining bacteria. 


Equipment and Procedure 


Two procedures were used in the iso- 
lation of the floc-producing bacteria in 
this study—multiple transfer and di- 
rect aeration. The multiple transfer 
procedure was essentially the same as 
set forth by Butterfield (1) and modi- 
fied by Wattie (9) and will not be 
repeated in this paper. 

The direct aeration procedure was 
the result of an attempt to duplicate 
the aeration unit of the activated 
sludge process in miniature by means 
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FIGURE 1.—Aeration units used in isolation studies. 


of the apparatus shown in Figure 1. 
Each rack contained 11 22- by 175- 
mm. pyrex culture tubes arranged in 
two parallel rows of five tubes each. 
The extra tube was placed between the 
two parallel rows at one end of the 
rack and served as the wash tube. The 
wash tube was filled with water to 
wash the incoming air free of im- 
purities and to resaturate the air with 
water vapor, thereby reducing evapor- 


ation losses. After the air had been 


washed, it was passed through a cot- 
ton filter to remove excess water vapor 
and impurities which passed through 


the wash water. The air went from 
the filter through the aeration units 
and a second filter and out into the 
atmosphere. The air inlet devices were 
arranged so that the aeration units 
were in parallel. This permitted uni- 
form pressure to be supplied to the 
units and prevented carryover from 
one unit to another. The air outlets 
were also arranged in parallel. The 
final cotton filter prevented a backflow 
of contamination from the atmosphere 
when the air was off. 


In the direct aeration procedure 1 
ml. of concentrated activated sludge 
was added to 9 ml. of sterile dilution 
water in a sterile weighing bottle con- 
taining several glass beads. The sludge 
was shaken quite rapidly for 1 min. 
and then multiple dilutions were made 
into sterile dilution water. Transfers 
in the amount of 1 ml. were made from 
the dilution water into sterile 1/10 nu- 
trient broth in the aeration units. Five 
dilutions were set up from each sam- 
ple of sludge, with the normal range 
of dilutions from 1/1,000 to 1/10,000,- 
000. After the inoculations were made, 
the units were aerated. 

If a unit showed sludge formation 
within 24 hr., a sample from that 
aeration unit was streaked onto nu- 
trient agar plates. These plates were 
incubated at 30° C. for 24 to 48 hr. 
Representative colonies of each type of 
growth were picked from the plates 
and placed into aeration units con- 
taining fresh substrate. If the organ- 
ism showed sludge formation in the 
second unit, it was identified using the 
standard identification procedures as 
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set forth by the Society of American 
Bacteriologists. Stock cultures were 
made and set aside for later use. 

If the aeration unit did not show 
sludge formation in 24 hr., it was 
aerated for several days until it be- 
came apparent that there was not go- 
ing to be any sludge formed. 


Organisms Isolated 


The use of both isolation procedures 
resulted in the isolation of 11 organ- 
isms, which were capable of forming 
a floc similar to activated sludge when 
aerated in a nutrient substrate. On 
the basis of biochemical identification 
using ‘*Bergey’s Manual’’ (10), these 
organisms have been classified in six 
different genera (Table 1), with five 
being identified as to species. These 
floc-producing organisms were Zooglea 
ramigera, Bacillus cereus, Escherichia 
intermedium, Paracolobactrum aero- 
genoides, Nocardia actinomorpha, and 
a bacterium which appeared to belong 
to the genus Flavobacterium. The iso- 


lation of coliform organisms prompted 
the use of a stock culture of Aerobacter 
aerogenes in the biochemical studies. 
The stock culture of A. aerogenes was 
supplied from cultures maintained in 
the laboratory for use in regular class- 
room instruction. 
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Biochemical Tests 


After the floc-producing organisms 
had been isolated and identified, bio- 
chemical tests were set up to determine 
their ability to stabilize organic mat- 
ter. A synthetic sewage was prepared 
according to the formula of Weinberger 
(11). This synthetic sewage had the 
characteristics of normal domestic sew- 
age and was chosen because of its re- 
producibility. The B.O.D. of this sew- 
age was found to be approximately 240 
p.p.m. 

The aeration units used in the bio- 
chemical tests are shown in Figure 2. 
These units were designed on the same 
principles as the miniature aeration 
units. The bottles were inverted and 
had a special drawoff and feed stop- 
cock. Using specially fitted Erlen- 
meyer flasks, it was possible to draw 
off the effluent and to feed the units 
at regular intervals without contami- 
nating the cultures. This permitted 
the building up of sludge in the aera- 
tion units through repeated feedings. 

Preliminary studies showed that B. 
cereus was not able to carry the oxida- 
tion of organic matter to carbon di- 
oxide and water. For this reason, it 
was not included. Z. ramigera was 
also omitted from consideration, be- 


FIGURE 2.—Aeration units used in biochemical studies. 
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Characteristic 


Deser 


| Form 

| Size (u) 

| Gram stain 

Flagella 

Capsules 

Chains 

Spores 

Appearance on agar 


Zooglea 
ramwgera 


Polar 


0 
White 


Paracolo- 
bactrum 
aero- 
genoides 


Bacillus 


tnter- cer 


medium 


Nocardia 
actino-~ 
morpha 


Rod 
0 
+ 
0 


0 
White 


Rod Rod 
0 | + 
- Peri 
+ 
+ 


+ 
White 


Rod 


5}0.7X1.5 | 0.5X 1.0X3.0 | 0.7 X2.0 


“+ 

0 
Chalk 


Flavo- 
bacterium 


Yellow 


Aerobacter 
aerogenes 


Rod 
1.0X1.5 
0 
+ 
0 


0 
White 


Reduction, NO; to NO» 
| Production of indole 
| Production of H.S 
| Reaction on litmus 
Reaction in milk 

| Reduction of litmus 
Liquif. of gelatin 
Methyl red 
7 | Voges-Proskauer 
Growth in citrate 
EMB agar 


Glucose reaction 
| Gas 
Lactose reaction 
| Gas 
| Sucrose reaction 
| Gas 
| Starch reaction 
Gas 
1 | Mannitol reaction 
Gas 
25 | Salicin reaction 


Gas 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


white 

+ + 0 

0 0 

0 0 0 
Basic Basic Basic 
Pep. SI. pep. 


S++ 


Green 
metallic 
sheen 


P| 


o 
poos 


oooo 
o 


Note: A = acid. 
' Delayed acid and gas. 
? Hydrolysis. 


cause so much has already been done 
with this organism. Data are reported 
on A. aerogenes, P. aerogenoides, E. 
intermedium, N. actinomorpha, Flavo- 
bacterium, and sewage-seeded sludge. 
Sewage-seeded sludge was carried at 
all times as a control on the proper 
operation of the aeration units. 

The aeration units were sterilized at 
15 p.s.i. for 20 min., cooled, and seeded 
with the desired organisms. The cul- 
tures were aerated for 48 hr., after 
which aeration was stopped and the 
sludge was allowed to settle for 1 hr. 


Then, the supernatant was drawn off 
and replaced with sterile substrate. 
The air was started and the process 
of drawing off the supernatant and 
replacing it with sterile substrate was 
repeated several times at 24-hr. in- 
tervals. After the sludge began to 
have a noticeable volume, a time study 
was made over a 24-hr. period to de- 
termine the rate of stabilization of the 
organic substrate. The results of these 
time studies are shown in Figures 
3 and 4. The suspended solids data 
are shown in Table II. At the end of 


— TABLE I.—Cultural Characteristics of Floc-Forming Bacteria Isolated from Activated Sludge a 
| Rod |} Rod | 
2 (0.7X1. 0.7 X 1.0} 
| 
ce 6 0 | 0 | : 
+ | + + 
0 | | : 
re Acid | Acid | Acid 
a | | + | + + + 
ae o | o | 0 0 
o + | 0 0 
+ | 0 

| 
| 
4 50% | 30% | 0 

ae Al A | 0 
| 1% 15% | 0 
A A 0 
a 70% | 10% | 0 
0 o | | 0! 
| 0 0 | | O 
60% | 35% | : 
a = | | 35% | 40% | 
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B.0.D. in ppm 


| 
24 
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——°__Sewage-Seeded Control 


8 12 16 


Hours Aeration 
FIGURE 3.—Reduction of B.O.D. by pure culture sludges, run 1. 


4 20 


B.0O.D. removals. In run No. 1 the 
sewage-seeded sludge gave 99 per cent 
B.O.D. removal, and in run No. 2 gave 
94 per cent removal in 24 hr. of aera- 
tion. Aerobacter aerogenes gave the 
lowest B.O.D. removals, 66 per cent in 
24 hr. Paracolobactrum aerogenoides 
gave a maximum B.O.D. removal of 76 
per cent; Nocardia actinomorpha, 88 


this time study, microscopic examina- 
tions were made to determine the 
purity of the cultures. None of the 
pure cultures was found to be con- 
taminated. 


Discussion 


From the data it can be seen that 
the sewage-seeded sludge gave the best 


Parocolobactrum _aerogenoides a 


o— o ___Sewage— Seeded 
l 


Contro} 


— 


1 


Hours Aeration 


FIGURE 4.—Reduction of B.O.D. by pure culture sludges, run 2. 
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TABLE II.— Mixed Liquor Suspended Solids in 
in Biochemical Studies, in P.P.M. 


| Growth 


| Time 
Culture | 
0 Hr. | 24 Hr. 
(a) Run No. 1 


Sewage | 200 | 400) 110 
E, intermedium |; 120 | 400 | 280 
N. actinomorpha | 350 670 | 320 


(b) Run No. 2 


780 380 
600 355 
1,650 | 1,240 
610 115 


Sewage | 400 
A. aerogenes |} 245 
aerogenoides | 410 
Flavobacterium |} 495 


per cent; Escherichia intermedium, 76 
per cent; and the Flavobacterium, 78 
per cent. In every case almost all of 
the B.O.D. removed was accounted for 
within the first 2 hr. of aeration. 

With Z. ramigera Butterfield (1) 
reported 72 per cent B.O.D. removals 
in 3 hr. of aeration in a synthetic sub- 
strate. Later studies by Heukelekian 
(7) gave a range of from 60 to 90 
per cent B.O.D. removals in a 24-hr. 
aeration period. Wattie’s results (9) 
for Z. ramigera gave a spread from 
36 to 84 per cent with a 3-hr. aeration 
period. Thus, it can be seen that the 
organisms isolated in this study com- 
pared favorably with Z. ramigera as 
studied by these previous investigators. 

The suspended solids concentrations 
were low by the usual standards. How- 
ever, it was apparent from the curves 
that the B.O.D. removals were not too 
adversely affected by the low solids. 
The solids were important from the 
standpoint of furnishing sufficient bac- 
teria to remove the organie material 
as rapidly as possible. It appears that 
this task was accomplished. 

This study has shown that there are 
many different organisms in activated 
sludge which are capable of contribut- 
ing to the formation of the sludge. 
Although it has been shown that these 
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organisms give good B.O.D. removals, 
nothing has been shown as to their 
relative importance in the normal acti- 
vated sludge process. The number of 
variables which might affect the status 
of each organism in the sludge are 
very large and will require consider- 
able research before the role of each 
organism is known. Present labora- 
tory methods may have to be modified 
and new ones devised for such studies. 


Summary 


The results of this study have shown 
that: 


1. It is possible to isolate from ac- 
tivated sludge other organisms than 
Z. ramigera which are capable of form- 
ing a floe similar to activated sludge 
when aerated in a suitable nutrient 
substrate. 

2. The floc-forming organisms iso- 
lated, other than Z. ramigera, included 
Escherichia intermedium, Paracolobac- 
trum aerogenoides, Nocardia actino- 
morpha, Bacillus cereus, and a_bac- 
terium belonging to the genus Flavo- 
bacterium. 

3. Aerobacter aerogenes was also 
found to form a floc of the same nature 
as the other bacteria, even though it 
was not isolated from activated sludge 
during any of the experiments. 

4. The B.O.D. removals over a 24- 
hr. aeration period using a synthetic 
sewage substrate were: 


Sewage-seeded sludge 
aerogenes 


94 to 99% 
66% 
76% 
88% 
76% 
78% 


. aerogenoides 
N. actinomorpha 
E. intermedium 
Flavobacterium 


5. The majority of the B.O.D. re- 
moval was accomplished within the 
first 2 hr. of aeration. 
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CONTROL OF PSYCHODA FLIES AT AKRON * 


BY. T. 


Senior 


Many articles have been written 
about the control of the trickling filter 
fly, but if experience at Akron provides 
even one suggestion of value to an- 
other operator the purpose of this 
paper will have been accomplished. 


Fair has presented a very compre- 


hensive treatise on ‘‘The Trickling Fil- 
ter Fly (Psychoda alternata) Its Hab- 
its and Control.’’ He states: 


A number of different ways have been 
suggested or are in use for controlling or 
preventing the development of Psychoda 
in trickling filters. These may be classified 
as follows: 


A. Biological Control. 
1. By natural enemies of Psychoda. 
a. Birds and predatory flies. 
b. Spiders and mites. 
ce. Parasites. 
. By animals that compete for the 
food of Psychoda. 
a. Water springtails (Achorutes vi- 
aticus). 
b. Spiders and mites. 
Snails, leeches, and worms. 
B. Chemical Control. 
1. By repellents. 
. By contact insecticides. 
. By film-destroying compounds. 
. Physical Control. 
1. By burning. 
2. By flooding. 
3. By drying. 
4. By surface barriers and tight walls. 
5. By glass-overs or other covers. 


bo 


The Akron sewage treatment works 
was placed in service December 18, 
1928. During the summer of 1929 and 
continuing each year until 1947 the 


* Presented at 24th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; St. Paul, Minn.; Oct. 8-11, 1951. 

t See bibliography. 
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filter fly was a source of considerable 
nuisance. Its prevalence was partially 
responsible for damage suits against 
the city, approximating $130,000 to 
January, 1951. The filter beds were 
not constructed to permit flooding, so 
very little could be done until money 
became available for insecticide appli- 
cation. The city’s sewer service ordi- 
nance became effective in February, 
1947, thus providing some funds for 
Psychoda control. 


Control Methods Limited 


At Akron there are 14 acres of trick- 
ling filters with 7 syphon chambers 
feeding 2 acres each. Burning affected 
the adults alone. Because of the area 
of walls and syphon chambers which 
had to be covered without reaching the 
larvae it was eliminated. As _ pre- 
viously stated, flooding could not be 
practiced. Resting the beds so as to 
dry them was tried, but had to be 
abandoned because of the development 
of a very strong and disagreeable odor. 
Consequently, chemical control was the 
only practical means available. 


1947 Studies 


The control studies were begun dur- 
ing 1946. Based on the work of Car- 
ollo*, the work was started with DDT 
and Rothane in powder form. Each 
insecticide was mixed with tale and 
was applied separately to two 8-ft. di- 
ameter experimental filters. The filter 
depth of 9.5 ft. was equal to that of 
the operating beds at Akron. The ap- 
plications were at the rate of 50, and 
then 40 lb., per acre of each insecticide. 
The DDT was superior to Rothane and 
the former showed sufficient promise 


*See bibliography. 
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to warrant its use on the plant filters 
during 1947. 

Accordingly, applications of a 25 
per cent emulsion of DDT were made 
from May to October, 1947. The com- 
position of the material applied con- 
tained the following active ingredients 
by weight: 

DDT (dichloro diphenyl trichloroethane) 25% 


Aromatic petroleum derivative solvent 70% 
Emulsifier 5% 


The solution had a speeifie gravity of 
1.04. 


For part of the season the applica- 
tion was made at the traveling screen 
house, through which all sewage must 
pass before being distributed to the 
syphon chamber of each bed. For part 
of the time the 25 per cent emulsion 
of DDT was mixed in a barrel and fed 
from there; for the balance of the 
time a Proportioneers feeder was 
loaned to the plant. The latter method 
was superior to the barrel application. 

The point of application then was 
switched to the individual syphon 
chambers. 

Application at the traveling screen 
seemed to be the better of the two meth- 
ods, but the over-all results for the 
entire season of 1947 did not prove as 
good in controlling the insect popula- 
tion as was indicated by the 1946 stud- 
ies. 

During the 1947 work the dose was 
generally 1 p.p.m., based on a 33-m.g.d. 
flow. Although varying dosages were 
used, 1 p.p.m. proved most effective, 
as well as economically feasible. In 
all cases the beds remained idle for 
2 hr. following the application. 


1948 Studies 


In 1948 it was decided to employ 
an entomologist for the summer season 
to give full time to this work and to 
related studies. An entomologist could 
not be obtained, but the graduate bi- 
ologist engaged did an excellent job. 
His work was divided into two parts— 
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a study of various insecticides and 
larvicides, and actual full-scale appli- 
cations to the 14 acres of filters. 

Considering the latter first, the trav- 
eling screen application was used from 
May 2 to June 14 with 1 p.p.m. of 
25 per cent DDT emulsion concen- 
trate based on 33-m.g.d. flow. By June 
14 the insect population on the beds 
had grown steadily, so the syphon 
chamber method was tried a second 
time. This was done as follows: 18 
gal. of 25 per cent DDT emulsion 
concentrate were applied to filter No. 
1 at the syphon chamber. As one cham- 
ber started to fill, 6 gal. of the emul- 
sion were added at the overflow weir; 
as the auxiliary chamber started to fill, 
another 6 gal. were added to its over- 
flow weir; and as the first chamber 
started to fill again, the third 6 gal. 
were added. After this third chamber 
full of sewage dosed with DDT had 
discharged, one full chamber of sew- 
age without DDT was allowed to dis- 
charge. The discharge of one chamber 
of raw sewage theoretically removed 
all the DDT remaining in the distribu- 
tion lines. Then the bed was shut off 
for 2 hr., with the belief that such a 
rest period would produce more effec- 
tive insecticidal results. At the end 
of the 2-hr. rest period, filter No. 1 was 
returned to service and filter No. 2 
was désed with DDT in the same man- 
ner. The other beds were treated in 
the same manner, but with varying 
dosages. 

The 6 gal. of 25 per cent DDT emul- 
sion with a specific gravity of 1.04 
added to a syphon chamber full of 
sewage (about 20,000 gal.) gave a 
strength of about 80 parts of 100 per 
cent DDT per million gallons of sew- 
age. 

Other dosages of 24, 30, and 36 gal. 
per syphon chamber discharge were 
tried on the various beds. The in- 
creased dosages showed a decided de- 
crease in the adult Psychodidae popu- 
lation on the treated beds, but the 30- 
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gal. application proved to be as good 
as the 36-gal. and better than the 
others. 

While applying the insecticide by 
the syphon chamber method, inspec- 
tions of the beds disclosed the follow- 
ing: In the central portions of each 
bed nearest to the syphon chamber, no 
Psychoda in either larval, pupal, or 
adult stages could be observed, but 
along the outer edges of each bed the 
fly population continued at a high rate. 
This condition was observed even on 
the two filter beds which were receiv- 
ing weekly doses of 36 gal. of 25 per 
cent DDT emulsion concentrate. 

From a series of samples taken over 
the beds on which DDT determina- 
tions * were made, the results indi- 
cated that approximately 75 per cent 
of the DDT emulsion concentrate was 
being sprayed onto the area immedi- 
ately surrounding the syphon chamber 
(approximately one-third of the bed) 
and only 25 per cent was being dis- 
tributed over the remaining two-thirds 
of the bed. 

From the above tests, the efficiency 
of the syphon chamber method of ap- 
plication was far from what was de- 
sired and the need for a surface 
sprayer rig of some sort was apparent. 


Fog Application 


During the first week of August, the 


TNT Exterminating Co., of Akron, 
was contacted in an attempt to learn 
more of their methods of combating 
insects with the ‘‘fog’’ applicator. 
This fog method is based on a unit 
known as ‘‘T.1.F.A.’’ (Todd Insecti- 
cidal Fog Applicator). 

In order to obtain some comparison 
of results obtained from the fog appli- 
cation of DDT, one bed, divided into 


***Official and Tentative Methods of 
Analysis of the Association of Official Agri- 
cultural Chemists.’’ 6th Ed., p. 86. AéSsn. of 
Official Agric. Chemists, P. O. Box 540, 
Benjamin Franklin Station, Washington 5, 
D. C. 
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three parts, was used as a control 
unit. The division lines ran parallel 
to surface distribution pipes. The 
western third of the bed was dosed 
with a 12.5 per cent DDT concentra- 
tion. This concentration was composed 
of 50 parts of 25 per cent DDT emul- 
sion concentrate as obtained from the 
Standard Oil Co. and 50 parts kero- 
sene. On the middle third, the straight 
25 per cent DDT emulsion concentrate 
was applied. On the eastern third, a 
5 per cent DDT solution was used. 
This was a mixture of 5 per cent DDT 
in xylene, with 5 per cent by volume 
of No. 55 crankcase oil in a kerosene 
base. The ‘‘Tifa’’ gage was set so that 
the particles of fog dispersion ranged 
between 60 and 100 microns (0.0025 
to 0.0041 in.) This particle size was 
used for the applications on all three 
divisions of the control bed. 

The total amount of insecticidal so- 
lutions (5, 12.5, and 25 per cent DDT 
solutions) used did not exceed a total 
of 25 gal., or approximately 8 gal. of 
each solution. 

The ‘‘Tifa’’ unit, mounted on a 6- 
wheeled 2-ton truck, showed definite 
advantages and disadvantages. A more 
thorough application of DDT was ef- 
fected because of better distribution 
and deeper penetration than by the 
syphon method. Only in the 25 per 
cent area was any effect noted on the 
larva, but in all three concentrations 
more flies were killed. On the other 
hand, the truck was cumbersome, broke 
a number of nozzles, and impacted the 
stone. Also, the fog could only be ap- 
plied when the wind velocities did not 
exceed 5 m.p.h. 


Contact Spraying 


Experiments were then conducted 
with a surface contact sprayer. This 
consisted of a 55-gal. drum mounted 
on a tractor equipped with an 11-ft. 
boom having %4-in. holes. The boom 
was carried horizontally 30 in. above the 
bed surface. This was replaced early 
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in 1949 with a farm-type spraying out- 
fit. It was mounted on a 114-ton truck 
chassis. 


Tests of Various Insecticides 


During 1948 it was felt that the 
filter flies developed an immunity to 
DDT. Accordingly, a number of lab- 
oratory and filter bed patch tests were 
conducted with different insecticides. 


Tests for Adult Knockdown 


Tests for adult kill were tried on 
laboratory-reared Psychoda alternata. 
The method used was to admit several 
flies, usually three, into an 80-mm. 
test tube. A No. 40 filter paper was 
moistened with the insecticide to be 
tested, placed over the mouth of the 
test tube and a rubber stopper in- 
serted. In this manner, only as much 
insecticide contact surface was exposed 
to the flies as would cover the surface 
of the stopper within the test tube. 
The test tube was then inverted in 
such a manner that the flies would 
contact the filter paper at approxi- 
mately the same time. The ‘‘knock- 
down’”’ time was counted from the time 
the flies made contact with the filter 
paper until the flies fell and were un- 
able to coordinate sufficiently to fly. 
Although a knockdown did not mean 
immediate death, no flies were observed 
to recover once the uncoordinated 
stage was reached, even though the 
flies were removed from the proximity 
of the insecticide. 

Eight different insecticidal prepara- 
tions were used. All eight were diluted 
to a 5 per cent concentration in order 
to obtain more comparable results be- 
tween insecticides. Those used in a 5 
per cent solution were as follows: 


1. DDT (25 per cent emulsion con- 
centrate diluted to 5 per cent 
with tap water). 

2. Chlordane, water emulsion (tap 
water dilution). 
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3. Chlordane, oil emulsion (No. 1 

fuel oil dilution). 

4. Lethane 384, special (No. 1 fuel 
oil dilution). 

. Lethane 384, agricultural grade 
(No. 1 fuel oil dilution). 

6. Pyrenone, oil emulsion (diluted 
1 to 4). 

. Benzene hexachloride (1 teaspoon 
to 1 qt. water) (6 per cent 
gamma isomer). 

. Nifos-T (40 per cent tetra- 
ethylpyrophosphate) diluted 1/ 
10,000 in water. 


Three controls were run _ simultane- 
ously, as follows: 


1. No. 1 fuel oil on filter paper. 
2. Kerosene-wetted filter paper. 
3. Dry filter paper. 


The results of the tests are given in 
the average number of minutes the 
insecticides took to bring about a 
knockdown of the adults, as follows: 


Insecticide Min. 
Lethane 384, agricultural grade 1 
Lethane 384, special 2 
Chlordane, oil base 4 
Nifos-T 6 
DDT with water emulsion 7 
Benzene hexachloride 10 
Pyrenone 14 
Chlordane, water emulsion 29 


After 1.5 hr. the adult flies in the 
three controls were still vigorous and 
flying. 


Tests on Larvae 


The following insecticides were used 
to determine their effect on larvae: 


1. By volume: Pyrethrum, 10 per 
cent; Pyrenone, 10 per cent; Lethane 
384, special, 20 per cent; kerosene, 60 
per cent. Used full strength in the 
experiment. 

2. Nifos-T (Monsanto) 40 per cent 
tetraethylpyrophosphate; diluted to 
1/1,000 with water. 

3. Pentachlorophenol; 25 per cent 
diluted to 5 per cent with kerosene. 


| 
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TABLE I.—Comparative Larvicidal Effects of Chemicals Tested 


Insecticide 


No. Designation 


Stopped Feeding 


(min.) 


Inability to Crawl 
(min.) 


Death 
(min.) 


Pyrethrum, ete. 
4 Lethane 
5 Lethane 
Chlordane 
s Pyrenone 
DDT 
9 Pyrenone 
3 Nifos-T 
10 | Hexachloride 


3 Pentachlorophenol 


Immed.! 4 


Almost immed. 
None 


0.5 4 


2 11 
3 16 
21 
Almost immed. 
Almost immed. 
Almost immed. 
Immed.? 
None 


Immediately. 


2 Stopped crawling immediately, but much coiling and twisting. 


3 Not dead after 2 hr. 


4. Lethane 384, agricultural grade; 
diluted to 5 per cent in kerosene. 

5. Lethane 384, special; diluted to 
5 per cent in kerosene. 

6. Chlordane; diluted to 5 per cent 
in kerosene. 

7. DDT, oil emulsifiable; diluted to 
® per cent in kerosene. 

8. Pyrenone; diluted 1 to 4 by vol- 
ume in kerosene. 

9. Pyrenone; diluted 1 to 4 by vol- 
ume in water. 

10. Benzene hexachloride (6 per 
cent gamma isomer); dilution, 1 tea- 
spoon to 1,000 ml. of water (2.2 g.) 


In this test the times recorded were 
those after immersion until the larvae 
stopped feeding, when inability to 
crawl occurred, and when death re- 
sulted. The various times (Table I) 
are for an average of 10 larvae used 
in each test. The results were gath- 
ered from as near to average larvae as 
possible. 

In Table I the number in the in- 
secticide column represents the num- 
ber given to the specific insecticide in 
the above listing. The results are 
listed in the order of the times in 
which the death of the larvae occurred, 
with the shortest time given first. In 
the ‘‘Stopped Feeding’’ and ‘‘Inabil- 


ity to Crawl’’ columns, the time is 
from exposure to the insecticide until 
the occurrence. 


Tests with Mixtures 


It is self-evident that if the Psy- 
chodidae larvae could be controlled 
there would be no adult fly problem. 
As DDT did not prove to be a sufti- 
ciently lethal larvicide by itself, vari- 
ous concentrations of several different 
insecticides were prepared and applied 
to various test plots of the control bed. 
This work was conducted while run- 
ning the previously mentioned labora- 
tory experiments. 

The insecticides used in these tests 
were mixed in various concentrations 
in order to obtain the greatest effi- 
ciency with maximum economy, in the 
event one would be found which might 
be used on a full plant seale. The in- 
secticides used in one or several of 
the mixtures were: Pentachlorophenol, 
Lethane 384 (special and agricultural 
grades), DDT (25 per cent emulsion 
concentrate and technical grades), ben- 
zene hexachloride (6% gamma isomer), 
pyrethrum, and Pyrenone. Most of the 
tests were conducted with a ‘‘ Hi-Fog’’ 
applicator. This is the commercial 
name for a man-carried, single nozzle 
sprayer, which holds approximately 1 
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gal. of solution. In each test plot the 
knockdown of adult Psychodidae and 
the effect of each solution upon the 
larval and pupal stages were observed 
closely. 

A mixture of 5 per cent Penta- 
chlorophenol, 10 per cent Lethane 384 
(agricultural grade), and 10 per cent 
DDT (technical grade) gave the best 
over-all results. The weak feature of 
this solution, however, was the com- 
paratively high cost per gallon. 

The results of the 1948 experiments 
showed that better control of the 
Psychodidae could be effected by the 
use of a mixture of three insecticides 
than had been obtained through the 
use of DDT alone. These three insecti- 
cides are Pentachlorophenol, Lethane 
384 (agricultural grade), and DDT 
(technical grade). 

Pentachlorophenol was by far the 
most potent larvicide that had been 
tested to date. 

Lethane 384 (agricultural grade) 
gave the best results of adult fly 
knockdown, both in the laboratory and 
in filter bed test plots. This insecticide 
also had a rather potent lethal effect 
on larval and pupal stages. 

The technical grade of DDT (100 
per cent dichloro diphenyl] trichloroeth- 
ane) was incorporated in this insecti- 
cide preparation for several reasons. 
Although the two other ingredients of 
the mixture are quite lethal to the 
Psychodidae their potency is not too 
effective over a long period of time. 
Because DDT is known to have an ex- 
tremely long lethal residual, its use 
in the mixture appeared essential. 

DDT is a rather slow-working in- 
secticide, but if the insects could be 
knocked down quickly for even a short 
period by the two other insecticides, 
the DDT would have sufficient time to 
effect a complete kill. 

The results of all the experiments 
performed during 1948, using 14 in- 
secticides in various concentrations, in- 
dicated that a combination of the three 
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aforementioned compounds gave the 
most outstanding Psychoda control. 
They were combined in the following 
percentages : 


Pentachlorophenol 5% 
Lethane 384 (agri. grade) 10% 
DDT (technical grade) 10% 


Such high percentages would make 
the cost of application prohibitive. 
Further tests with mixtures contain- 
ing 3 per cent Pentachlorophenol, 5 
per cent Lethane 384 (agricultural 
grade), and 5 per cent DDT were 
tried. Although this mixture of lesser 
percentages showed a decrease in con- 
trol from the high percentage mixture, 
the results obtained were still superior 
to the regular applications of 25 per 
cent DDT, both in control of the Psy- 
choda and economically. 

By the end of the 1948 season work 
had been completed on a full-scale basis 
with the water emulsion of DDT, the 
Pentachlorophenol-Lethane-DDT mix- 
ture using No. 2 fuel oil as a diluting 
agent, and with fuel oil alone. The 
latter was used in the belief that it 
would suffocate the larvae, but it was 
not very effective. 


1949 Studies 


In 1949 the application of insecticide 
started on June 6 with a farm-type 
surface sprayer equipped with 20 noz- 
zles spaced 20 in. apart on a 33-ft. 
boom and using a 5 per cent water 
solution of DDT. It was quickly ap- 
parent that a different insecticide had 
to be used. Accordingly, on June 20 
a change was made to a mixture of 
9 per cent Pentachlorophenol powder, 
15 per cent Lethane 384 liquid, 15 per 
cent DDT (technical) powder, and 61 
per cent organic solvent mixed by a 
local exterminating company. This 
was diluted to a 3-5-5 concentration 
with No. 2 fuel oil, as the latter pro- 
vided better adhesion to the filter 
stone. 
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Applications were made every 7 
days, but this interval had to be re- 
duced to 5 days. The over-all seasonal 
results were better than with DDT 
alone, but before the season ended 
convincing evidence was presented that 
this second insecticide was not the final 
answer. 

Accordingly experiments were con- 
ducted with Chloroben and Herbicide. 
The former showed some promise as a 
larvicide, but was not sufficiently ef- 
fective to replace the combination of 
Pentachlorophenol, Lethane, and DDT. 
Herbicide proved to be an ineffective 
contact insecticide. Being arsenical in 
composition, its value lies in its use 
where a stomach poison is needed. 

During 1949 the filters developed a 
small, nervously active, dark-colored 
phorid fly, later identified as a species 
of Megaselia. These increased in num- 
ber and predominated until August, 
when the Psychoda again were domi- 
nant. This is only the second time in 


22 years that this black gnat has given 


trouble. Although the larvae were 
found in the filter beds, the real origin 
was not determined. The insecticides 
used did not affect this insect as much 
as they did the Psychoda. By the end 
of the 1949 season it was evident that 
a third insecticide and larvicide was 
essential. In other words, it appeared 
as though rotation of insecticides was 
the answer to the control problem. 


1950 Work 


On May 8, 1950, dosing of the beds 
with Pentachlorophenol, Lethane, and 
DDT was begun on a weekly basis, but 
on May 29 a change was made to a 
water emulsion of benzene hexachlo- 
ride containing 11 per cent gamma 
isomer, which Hood found effective at 
Ridgewood, N. J. The BHC previ- 
ously used at Akron contained 6 per 
cent gamma isomer and showed no 
promise whatsoever. 

The Akron application of BHC was 
at the rate of 4.5 gal. per acre. Eight 
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days after the first application a see- 
ond was made. It was not necessary to 
make a third application until three 
weeks later, as against 5 to 7 days with 
the other insecticides. No further ap- 
plication was required during 1950. 

Checks with 6-in. squares of fly pa- 
per, placed at the edge of the filters 
and approximately 150 ft. to the wind- 
ward, gave a zero daily count through- 
out 1950 after July 1. 


Additional Comments 


Up to July 1, 1951, the only de- 
velopment of larvae and adults oc- 
curred about the third week in June 
in the edge areas where the stones are 
just moist or completely dry because 
the half nozzles prevent wetting of this 
area. These areas were treated in the 
usual manner with excellent results. 

Various other existing operating 
conditions should be mentioned here, 
so as to note their possible effect upon 
the insecticide test results. On August 
9, 1949, the Akron plant began chlo- 
rination for odor control by applying 
chlorine to the raw sewage and filter 
influent. It was not in sufficient 
quantities to carry a residual in the 
filter influent, except on very rare oc- 
casions, and then for short intervals 
only. 

To prevent filter bed ponding it had 
been the custom at Akron to harrow 
the filters once a year with a spike- 
tooth harrow, which penetrated the 
stone about 4 or 5 in. In 1949 the 
practice was begun of harrowing in 
early spring and late fall with a shop- 
made harrow using spikes of 11-in. 
hexagon cold-rolled steel properly 
pointed. The spikes are 14 in. long and 
by weighting the harrow they pene- 
trate to a depth of approximately 10 
in. 

In 1951 it was observed that a black 
sludgy deposit was present on a large 
portion of the 14-acre area and that 
no larvae appeared where the black 
deposit was present. The deposit has 
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not caused more than the usual few 
small spot-ponded areas. 

At the Cleveland, Ohio, Southerly 
sewage treatment works, the filters are 
badly clogged. The superintendent, 
Walter Gerdel, states that they have 
had no flies since this condition has 
existed (approximately six years). 


Trial at Second Plant 


Believing that the combination of 
harrowing, chlorination, insecticide ap- 
plications, sludge-like deposits 
might have affected the Akron results 
with BHC alone, recommendations 
were made for the use of BHC at a 
small treatment plant which the 
writer supervises near Akron and 
where no other element enters the 
picture. Strictly domestie sewage is 
settled and then flows onto two filters 
equipped with rotary distributors. 
Each filter is 48 ft. in diameter and 
4.5 ft. deep. 

In 1950, one dose of BHC at the 
rate of 4.5 gal. per acre did an excel- 
lent job at this plant, but as this was 
near the end of the year it was the 
only application made. 

In 1951, one dose of double the rate 
was applied on May 29. There was a 
sufficient development of Psychoda and 
eggs, but no larvae, to require a sec- 
ond dosage of 4.5 gal. per acre exactly 
30 days later. More recent observation 
indicated that this rate of application 
is effective for from 4 to 5 weeks. 


Effect on Filter Efficiency 


The average analyses of the Akron 
trickling filter effluent for 3 years prior 
to the application of any insecticide 
and for the 3 years during application 
were as follows: 


Before After 
Susp. sol. (p.p.m.) 137 106 
B.O.D. (p.p.m.) 58 41 
NO, and NO; (p.p.m.) 1.8 0.8 


Rel. stab. (%) 
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These results seem to indicate that 
the filter efficiency was not impaired. 


Summary 


Briefly summarizing Akron’s experi- 
ence it may be stated that: 


1. Harrowing has been practiced an- 
nually for years, but in 1949 a change 
was made to doing this each spring and 
fall and the penetration into the stone 
was increased from 5 in. to about 10 
in. 

2. Chlorination of the raw sewage 
and filter influent for odor control be- 
gan August 9, 1949. 

3. A black deposit appeared on a 
large portion of the filter beds early in 
1951. In these areas the Psychoda lar- 
vae and flies were noticeable by their 
absence. 

4. Plant-scale treatment with insec- 
ticide was begun in 1947 and is being 
continued as needed. 

5. Plant-scale applications were made 
as follows: 


(a) To the trickling filter influ- 
ent at the outlet end of the 
Imhoff tanks and to the 7 in- 
dividual dual syphon cham- 
bers. 

(b) To the filter beds with a fog 
applicator. 

(ec) To the filter beds with a con- 
tact or surface sprayer, which 
was driven over the beds’ 
surface. 

(d) During the entire seasons of 
1947 and 1948 DDT was ap- 
plied to the sewage, generally 
at the rate of 1 p.p.m. based 
on the design flow rate of 33 
m.g.d. 

(e) During 1949, 1950, and 1951 
the surface or contact spray- 
er was used exclusively. All 
insecticides were applied at 
the rate of 4.5 gal. of the 
concentrated material per 

acre, followed in all cases by 

a 2-hr. rest period. 
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In 1949 a DDT 25 per cent 
emulsion concentrate diluted 
with water; a mixture of 3 
per cent Pentachlorophenol, 
5 per cent Lethane, and 5 
per cent DDT diluted with 
No. 2 fuel oil; and No. 2 fuel 
oil alone were used. 

(z) In 1950, the Pentachlorophe- 
nol mixture was used for a 
few weeks, followed by ben- 
zene hexachloride containing 
11 per cent gamma isomer. 
The latter has been used 
since then when needed. 


6. To indicate the magnitude of the 
endeavors described herein it may be 
well to mention that to date $21,348 
has been spent for insecticides and ma- 
jor equipment alone. This may be di- 
vided as follows: 


Spraying equipment $975 
DDT emulsion cone. 10,105 
Pentachlorophenol mix. 6,000 
BHC 3,512 
Fuel oil 756 


Conclusions 


1. Benzene hexachloride with 11 per 
cent gamma isomer appears to be a 
relatively positive insecticide and lar- 
vicide for control of the Psychoda flies 
found in trickling filters. 

2. It appears to be very effective at 
the rate of 4.5 gal. per acre. 

3. It should be applied very early 
in the season at double the normal 
rates. 

4. Although more expensive per gal- 
lon than any insecticide used at Akron, 
it was the most economical because of 
the longer period of effectiveness be- 
tween dosages. 

5. It appears that a 2-hr. resting 
period after each dosage is ample time 
for complete contact. 

6. A wet application with sufficient 
pressure to force the solution a little 
below the immediate surface increases 
its efficiency. 
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7. From an operating angle, chemi- 
cal applications appear to be prefer- 
able to flooding because: 


(a) At small plants flooding re- 
quires many hours to fill the 
filter. 

At an installation where 
there is only one filter and 
one daytime operator, an 
overflow must be provided 
so the discharge from the bed 
equals the inflow in order to 
keep all the filter media 
submerged. Otherwise, the 
sewage will spill over the fil- 
ters walls unless an automatic 
by-pass is provided. 

After flooding, the filter un- 
loads and the efficiency of the 
filter drops for a few days. 
Flooding must be accom- 
plished in the Akron area 
every 7 days for reasonable 
control. 

The kill from flooding is not 
as great as with 11 per cent 
gamma isomer BHC. 


(b) 


(e) 


8. Apparently the insecticides used 
at Akron do not affect the trickling 
filter efficiency. 

9. A final solution for as complete 
control as is possible may be found 
by rotating insecticides to overcome 
the tendency of the filter fly to become 
immune to a specific insecticide. 

10. Harrowing did not affect the 
over-all Akron situation. However, the 
black deposit and chlorination may 
have, as BHC alone at a normal plant 
under the same climatic conditions pro- 
vides a practical elimination of Psy- 
choda for only 4 or 5 weeks. 


Although very few references are 
given in this paper, the complete bib- 
liography compiled by Paul Ritty, who 
did much of the Akron experimental 
work, might be of interest and, there- 
fore, is included. 
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VENTILATION OF TRICKLING FILTERS * 


By Water K. JoHNSON 


Sanitary Engineer, Infilco Inc., Tucson, Ariz. 


The biological process contained in 
the action of the trickling filter is gen- 
erally characterized as an aerobie proc- 
ess; consequently air or oxygen is re- 
quired to maintain aerobie conditions. 
This air is supplied to the filter by nat- 
ural or mechanical methods of ventila- 
tion. However, regardless of the seem- 
ing importance of ventilation, relatively 
little is known regarding: 


1. The optimum air flow require- 
ments of a filter. 

2. The mechanism of air flow through 
a filter under field conditions. 


This latter problem prompted an in- 
vestigation by the writer to observe the 
natural forces causing and influencing 
the flow of air in trickling filters under 
field conditions. Before presenting the 
experimental data it may be well to 
discuss briefly how ventilation may af- 
fect the efficieney of a filter. 


Effect of Ventilation on 
Trickling Filter Efficiencies 


Trickling filters have reportedly op- 
erated efficiently without an apparent 
supply of oxygen or air. Hatfield (1) 
stated, ‘‘Decatur filters operate by 
gravity and at certain stages of the 
river have operated with one or two 
feet of the stone submerged for pe- 
riods of two to three weeks without 
any considerable deterioration of the 
effluent. In fact they have operated 
fairly well with three feet of the stone 
submerged.’’ Such observations have 
created some doubt as to the necessity 
for ventilation. However, conclusive 

* A condensation of a thesis submitted for 


the M.S. degree, University of Minnesota, 
Minneapolis, Minn., 1951. 


proof of the value and need of ventila- 
tion was given by Levine (2) from ex- 
periments on filter models operated to 
treat skim milk wastes. He found, 
among other things, that when bottom 
ventilation was eliminated the B.O.D. 
removal by the filters was relatively 
low and the filters tended to clog. 
These results seem to contradict the 
observations by Hatfield, as the flooded 
Decatur filters had no bottom ventila- 
tion. The experimental data obtained 
by this writer indicate the Decatur 
filters obtained oxygen due to wind 
action, whereas the filter models were 
operated in a laboratory and not ex- 
posed to drafts. 

Some investigators have advanced 
the theory that the carbon dioxide 
produced by _ bacterial respiration 
within the bed may be toxie to the 
organisms if present in sufficient con- 
centration. If so, ventilation may 
serve to ‘‘sweep out’’ the carbon di- 
oxide. 

It is often believed that excessive 
ventilation during the cold winter sea- 
son may cool a filter bed to a point 
where the efficiency is impaired. This 
may be true with uncovered beds, but 
in most localities where the winters are 
quite cold the filters are housed to 
limit the air flow. On a filter model 
Piret (3) found that the media, and 
thus the biological film, approached the 
liquid or sewage temperature. By con- 
sidering the specific heats of water and 
air together with some average filter 
operating data and a reasonable air 
flow of 1.5 eu. ft. per min. per square 
foot of filter area, the effect of cooling 
by ventilation may be illustrated. It 
may be found that with an initial tem- 


135 


5 
BY 
ue 
| 
x 
= 
= 
H 
‘ 


136 


perature differential between the sew- 
age and the air outside the filter of 
50° F., the liquid may be cooled only 
1° F. while the air is heated approxi- 
mately 50° F. as it passes through the 
bed. Thus, since ventilation is not 
likely to have much effect on the tem- 
perature of the biological film it will 
not likely impair the efficiency due to 
any cooling. 

Amount of Air or Oxygen Required 

To give more meaning to the experi- 
mental data an estimate of the air or 
oxygen requirements of a trickling fil- 
ter is in order. The best estimate of 
air requirements must be based on the 
reduction in ultimate B.O.D. by oxida- 
tion in the filter. According to Ziemke 
(4), of the total B.O.D. reduction by 
the filter and final tank, 85 to 90 per 
cent may actually be by oxidation in 
the filter alone. 

If 0.124 lb. of ultimate B.O.D. are 
removed by oxidation in a 6-ft. deep 
filter per square foot per day (based 
on a loading of approximately 1,500 
lb. B.O.D. per acre-foot per day), the 
air flow requirements may be com- 
puted. By assuming the unit weight 
of air as 0.0750 lb. per cu. ft. and 
that the air contains 23 per cent oxy- 
gen, the air flow requirements are : 


0.124 
1,440 X 0.0750 X 0.23 
= 0.005 cu. ft. per min. per sq. ft. 


There is a possibility that only a small 
portion of the oxygen passing through 
the bed may be assimilated by the or- 
ganisms (5). Indications (6) are that 
this portion may be only 5 per cent 
of the total oxygen passing through 
the bed; thus, the above air flow be- 
comes : 


0.005 
0.050 
From the experimental data it will 
be found that such air flows are easily 
obtained by natural ventilation. 


= 0.100 cu. ft. per min. per sq. ft. 
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From consideration of the saturation 
values of dissolved oxygen in sewage 
it may be found that of the oxygen 
required by the filter organisms only 
a small percentage may be supplied 
from oxygen dissolved in the sewage by 
the spraying action on the bed or other 
means of aeration. Therefore, most of 
the oxygen must be supplied by venti- 
lation. 


Mechanism of Natural Ventilation 


Natural ventilation is a result of a 
natural draft or pressure differential 
existing between the air in the atmos- 
phere and the air inside the filter strue- 
ture. As the pressures attempt to 
reach equilibrium a flow of air occurs 
and ventilation is accomplished. The 
two primary causes of natural drafts 
and ventilation are: 


1. Differences in air densities be- 
tween the air inside and outside the 
filter. 

2. Wind forces. 


A natural draft due to air density 
differences is often termed a ‘‘stack 
effect.’’ For trickling filters, the air 
in the filter structure and media is 
heated or cooled by the sewage as the 
sewage is warmer or colder than the 
air outside. Depending on the season, 
it is apparent that this stack effect is 
likely to cause a flow of air up through 
the media in the cold winter season and 
down through the media in the hot 
summer time. This effect is illustrated 
in Figure 1, where the average tem- 
peratures of the air in the four sections 
of the filter are represented by 7 and 
the average air densities are given as 
W. It is evident that if the filter 
structure were sealed at point B and 
open at point A (no air flowing) the 
pressure differential, or draft, or head 
h, would be: 


h = + W2H2) — (W3Hi + Wi). 


This pressure differential is maintained 
only as long as the air is heated or 
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cooled in the filter at a rate to maintain 
the density differences. 

Water in air causes a decrease in 
the air density, but the influence of 
humidity on the draft in a filter is 
relatively small. For housed units the 
daytime heating of the housing by 
the sun tends to heat the air in the 
housing, resulting in inereasing the up- 
flow or decreasing the downflow of air 
through the media. The heat of reac- 
tion by organisms in the bed may be 
considerable, but it is logical to as- 
sume that most of this heat is given up 
to the sewage by conduction and not 
to the air; thus, such heat has little 
effect on the air densities. 

Because humidity, solar heating on 
housings, and the heat of reaction by 
organisms tend to decrease a downflow 
of air, the entire summer season may 
be a critical period from the standpoint 
of having adequate ventilation pro- 
vided by a stack effect. A laboratory 
study of the air flow through a model 
trickling filter, made by Piret (3) in 
cooperation with Halvorson and Mann 
(7), illustrated this draft due to air 
density differences. 

The probable effect of ventilation 
due to the wind has been mentioned 


ELEVATION OF TRICKLING FILTER 
FIGURE 1.—The stack effect in a trickling filter. 


frequently, but no conclusions have 
been reached. Randall (8) states that 
‘‘wind is the chief motive force utilized 
in the aeration of a building by nat- 
ural means.’’ For a filter without a 
housing the wind is likely to cause air 
circulation due to a ‘‘jump effect,”’ 
whereby the wind streamlines hit the 
windward wall of the filter and 
‘‘jump’’ up and over a windward area 
of the bed. This area of decreased 
pressure on the windward side of the 
bed, coupled with increased pressure 
on a downwind area, should result in 
air circulation within the filter media. 
Because of the extreme variability of 
the wind it has often been discounted, 
but actually there seldom is a day of 
absolute calm and a well-exposed filter 
may be ventilated by the wind alone. 
On the basis of data obtained in the 
operation of packed absorption towers, 
the comparatively low dosing rates 
used on trickling filters are not likely 
to influence the air flow appreciably. 
This discounts a common belief that, 
due to a dragging effect of the liquid 
on the air, air is pulled down through 
the filter. Piret (3), together with 
Halvorson and Mann (7), found that 
intermittent dosing lessened the stack 
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TABLE I.—Plant Descriptions of Trickling Filters Studied 


Media 


Type 


| Size 
(In.) 


Housing Gallery Location Type of Dosing 


Excelsior, Minn. Rock 
Owatonna, Minn. 
Secondary 
Kenyon, Minn. 
Primary 
Secondary 
Plainview, Minn. 
Secondary 


Rock 


Tile 
Rock 


Rock 


2-24 
2-3 


--- Yes 
24-3 


23-4 


Half of periphery | Intermittent 


Yes | Half of periphery | Continuous 
Continuous 


Continuous 


Half of periphery 


Yes | Half of periphery 


No_ | Along diameter Intermittent 


effect in a filter, due to the rest pe- 
riods when the temperature of the 
media would more closely approach the 
outside air temperature. However, 


with shorter rest periods this effect 
becomes relatively small. 


Experimental Work 


The experimental data were observed 
at four different sewage treatment 
plants in Minnesota. Inasmuch as 
most of the trickling filters in Min- 
nesota are housed or covered, it was 
possible to obtain data from only the 
one open bed at Plainview, Minn. All 
plants were very well-operated and the 
operators were very cooperative. 
Table I gives plant descriptions. 

Measurements 

Data for determining the air densi- 
ties were taken in order to compute the 
draft due to the stack effect. With a 
housed filter the average air densities 
were computed for the outside air, the 
air in the housing, the air in the gal- 
lery or tunnel, and the air in the media. 
The data required to compute the air 
density were the dry-bulb and wet- 
bulb temperatures, together with the 
barometric pressure. The barometric 
pressure was observed wih an aneroid- 
type barometer and recorded to the 
nearest 0.01 in. of mercury. The tem- 
peratures were taken to the nearest 
0.1° F. with a sling psychrometer. 

Air velocity readings were taken 


with a hot-wire anemometer accurate to 
20 ft. per min.; for cold-weather data 
a deflecting vane velocity meter was 
used, which was accurate only to 30 
ft. per min. With these instruments 
the surface wind velocities were ob- 
served, together with air velocities 
within the filter to determine the total 
air movement through the filter. The 
latter readings were taken at the un- 
derdrain ports in the filter walls when 
using the hot-wire anemometer. The de- 
flecting vane velocity readings were 
taken as profiles across a section of 
the gallery. 

To check computed drafts and to 
attempt to obtain the actual draft on 
windy days, draft gage (differential 
manometer) readings were taken. A 
Wahlen gage (Illinois micromanom- 
eter) was used, which permitted draft 
observations to an accuracy of 0.001 in. 
of water. The total available draft or 
head was obtained by sealing the en- 
trance to the gallery or tunnel to pre- 
vent a flow of air through the filter. 
Under such conditions the entire avail- 
able head manifests itself as a differ- 
ential reading on the gage by connect- 
ing one pressure tap through a hole 
to the inside of the gallery and the 
other to the atmosphere. 

The Wahlen gage was also used to 
determine head losses through the 
openings in the gallery and through 
the top of the housing in the case of 
closed filters. Such head loss readings 
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were taken only at the Excelsior and 
Owatonna plants when the total avail- 
able head was quite high (in the winter 
season). 


Presentation of Data 


To shcw the effect of air density 
differences in producing drafts, the 
data taken when the surface wind ve- 
locities were 2.0 mi. per hr. or less 
were considered separate from the 
other data, as it was assumed that such 
low wind velocities had little effect on 
the draft. Data prepared for analysis 
were: 


1. Total air flows—The total air 
flow was found by multiplying the av- 


TABLE II.—Summary of Experimental Data from Excelsior, Minn. 


VENTILATION OF TRICKLING FILTERS 139 


erage air velocity in the underdrain 
wall ports by the total area of the wall 
ports. The bulk air flow (numerically 
equal to the bulk air velocity) over the 
entire bed was found by dividing the 
area of the bed into the total air flow 
and recorded in cubic feet per minute 
per square foot of filter area. Positive 
values indicate that upflow existed and 
negative values indicate downflow. 

2. Theoretical draft—From air den- 
sity data the draft due to air density 
differences or the stack effect was com- 
puted to the nearest 0.001 in. of water 
and is represented herein as the ‘‘theo- 
retical draft.’’ 

3. Temperature differences. — Be- 


Temp. (° F.) 


Draft 


(im. of water) Air Flow (c.f.m.) 


Wind 


Vel. 
(m.p.h.) Outside Sewage, | Diff. (° F.) 
S-O 


Theor. Actual Total, Q Per sq. ft. 


. 59.0 — 16.0 
2 >2.0 72.5 62.5 —10.0 
3 0 62.0 61.5 — 0.5 
4 >2.0 83.0 62.5 —20.5 


64.9 


64.5 — 10.5 
0 83.0 65.0 —18.0 
8 0 69.5 65.0 — 4.5 
9! 0 73.0 64.5 — 8.5 


—14.0 
12? 3.4-5.7 66.5 66.5 0 
13? 3.4-5.7 66.2 66.5 0.3 
14? 2.3-8.0 68.5 66.5 — 2.0 
2.3-3.4 


16 


17 1.7-5.7 
18 2.3-5.1 46.0 63.5 17.5 
198 2.8-5.1 50.5 58.0 7.5 
20 0 

21 0 ae 

22 0 10.6 47.0 36.4 
23 0 —8.9 49.6 58.5 
24 0 12.5 49.7 37.2 


—11.1 


— 13.5 


— 2.3 


—0.003 — 554 —0.242 
0 730 0.319 

0.004 > 584 0.255 
—0.003 540 0.236 
—).002 496 0.217 


—0.001 : — 408 —0.179 
—0.002 — — 496 —0.216 
—0.001 —0.010 — 263 —O0.115 
—0.001 —0.008 —350 —0.153 
—0.001 +350 +0.153 


. 394 0.172 
0.004 0.009 744 0.325 
0.004 — 569 0.248 
0.003 0.005 613 0.268 


438 


453 


0.008 0.008 | 1,163 0.508 
0.007 0.011 730 0.318 
0.003 0.006 467 0.204 


526 


1,316 


0.024 0.026 | 1,220 0.532 
0.037 0.036 | 1,600 0.699 
0.022 0.022 | 1.306 0.570 


1 Draft readings questionable due to orientation of gage. 


? Bed only partially used as a result of other experiments. 


3 Distributor not revolving. 
‘ Data not used. 


| 
| | — 
5 | >20 | 76. 
<20 75 | 8.0 | 
0.004 0.005 0.191 
| | 696 67.6 — 20 ‘ 
tes 0.007 0.006 = | 0.230 
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cause air density is primarily a func- 
tion of the air temperature, the tem- 
perature differences between the sew- 
age and the outside air (sewage tem- 
perature minus the outside air temper- 
ature) were computed to represent the 
draft under conditions of low wind 
velocity. Without considering the ef- 
fect of humidity and wind it may be 
noted that a positive difference indi- 
cates that the air should move up 
through the bed and a negative differ- 
ence indicates downflow (because cold 
air is heavier than warm air). 

4. Actual draft and head losses. 
Actual drafts and head losses observed 
with the Wahlen gage were computed 
to the nearest 0.001 in. of water. Both 
actual and theoretical drafts were 
given a positive sign if they were in- 
dicative of causing flow up through 
the filter bed and a negative sign if 
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they indicated that downflow should 
exist. 


Units used are: 


h = total draft or head, in inches of 
water. 

V =bulk air flow (bulk air ve- 
locity), in cubic feet per minute 
per square foot of filter area. 
sewage temperature minus the 
outside air temperature in de- 
grees Fahrenheit. 

h,=draft or head _ loss through 
trickling filter media per foot 
of depth, in inches of water. 

Analysis of Data 
Excelsior, Minn. 

The most extensive data were taken 

at the Excelsior, Minn., plant. Table 


II is a summary of the experimental 
data from that plant. Twenty-four 
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FIGURE 2.—Relationship between total draft and bulk air flow in trickling filter at 
Excelsior, Minn. ‘ 
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FIGURE 3.—Relationship between total theoretical draft and bulk air flow in trickling 
filter at Excelsior, Minn. 


separate runs were conducted, with the 
outside air temperature ranging from 
83° F. to — 8.9° F. For 10 runs the 
surface wind velocity ranged from 2.0 
to 8.0 m.p.h.; for the remaining 14, it 
was less than 2.0 m.p.h. Due to con- 
tingent factors, varying from observa- 
tional errors to conditions prohibiting 
the taking of true observations, some 
runs may not include a complete set 
of data. 

Figure 2 shows the relationship be- 
tween the total (actual) draft and the 
bulk air flow. It is evident that most 
of the data were taken when upflow 
occurred in the filter. These data 
include observations under all condi- 
tions of wind velocity where the actual 
draft could be measured. The equa- 
tion of the curve is: 


h = 0.070 
To show the effect of air density dif- 


ferences in inducing air flow, Figure 3 
has been plotted for the theoretical 
draft and the bulk air flow for wind 
velocity conditions of less than 2.0 
m.p.h. The curve from Figure 2 fits 
the data for flow up through the media 
quite well and the data for downflow 
show a similar relationship. Thus, with 
the air density differences as the only 
factors causing drafts, it is evident 
that such resulting forces are impor- 
tant factors in adequately ventilating 
trickling filters. 

Because the draft in a filter cannot 
be measured easily, the sewage tem- 
perature minus the outside air tem- 
perature was taken as a rough indica- 
tion of the draft and plotted versus 
the bulk air flow in Figure 4. Al- 
though the data are quite scattered, as 
may be expected, the straight line 
shown describes the data quite well. 
Because such a curve may be drawn, 
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FIGURE 4.—Relationship of difference in temperature between sewage and outside air 
and the bulk air flow in Excelsior, Minn., trickling filter. 


it may be concluded that the tempera- 
ture difference between the outside air 
and the sewage is indicative of the 
draft and air flow resulting from the 
stack effect alone. 

If theoretical draft data observed 
when the wind velocities were 2.0 to 
8.0 m.p.h. were plotted against bulk 
air flows (as in Figure 3), a wide 
scatter of points would result to show 
that under windy conditions the drafts 
due to air density differences are sup- 
plemented by the action of the wind to 
cause ventilation. If the curve of 
Figure 3 was included on such a plot 
it would generally be below and to the 
right of the data, showing that the ef- 
fect of the wind is to cause upflow in 
the filter. If it were possible (and in 
many cases it was not) to accurately 
measure the actual draft under windy 
conditions, all the points would be 
shifted to the right to fall very close 
to the curve. 


Four runs included head loss obser- 
vations through the opening to the 
gallery and the opening at the top of 
the housing. These two head losses, 
subtracted from the total head or draft, 
gave what was considered as the loss 
through the underdrains and _ the 
media. An attempt was made to com- 
pute head losses in the various sections 
of the filter and compare them with 
the observed data. From data by Piret 
(3) for bulk air flows of 0 to 1.5 eu. ft. 
per min. per sq. ft., an approximate 
straight line relationship may be found 
to exist to represent the loss through 
the media and the top of the under- 
drains. This relationship is 


h» = 0.111 x 10°° V. 


For other sections of the filter 
reasonable orifice coefficients seemed 
to apply and the computed and ob- 
served losses for one run are given in 
Table III in inches of water, where O 
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indicates the observed loss and C the 
computed loss: 


TABLE III.—Head Losses (in Inches of Water) 
in Excelsior, Minn., Filter 


Gallery Rock and | Opening in 
Manhole | Underdraim: ousing Total Head 


0.001 | 0.001 | 0.001 | 0-001 0.020 | 0.022 | 0.022 | 0.024 


For the Excelsior filter it seems that 
ventilation may be increased consider- 
ably by enlarging the opening in the 
top of the housing, as the greatest 
head loss occurs at that point. 


Owatonna, Minn. 


Only 10 sets of observations were 
taken at the Owatonna, Minn., plant. 
The surface wind velocity ranged 
from 2.0 to 20 m.p.h. for 9 runs, and 
was less than 2.0 m.p.h. for only one 
run. Outside air temperatures ranged 
from 79° to 3° F. A curve similar to 
Figure 2 for Excelsior was found for 
the Owatonna plant to have the equa- 
tion (see Figure 6) 


h = 0.0382 


Although the theoretical draft was 
negative or of a small positive magni- 
tude for five runs, the air flow in all 
cases was found to be up through the 
media. This again indicates that the 
wind is likely to induce a positive draft 
to cause upflow through a housed filter. 

Because only one run was taken un- 
der conditions of low wind velocity, 
no correlation could be made between 
the bulk air flow and the draft due to 
air density differences as indicated by 
the temperature difference between the 
outside air and the sewage. 

Three runs included data on head 
losses through the filter and the con- 
struction was such that the head losses 
through the opening in the housing 
were relatively less than those found 
at the Excelsior plant. 
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In an attempt to determine the rela- 
tive effect of tile media and rock media 
on ventilation, three runs were con- 
ducted where data was taken on both 
filters at the same time. One separate 
run was taken on each filter. Only 
one run was taken with the wind ve- 
locity over 2.0 m.p.h. 

A plot of the data from both filters 
indicates no apparent difference in the 
ventilation characteristics through the 
two filters. The curve for the Kenyon 
filters comparable to the curve of Fig- 
ure 2 for Excelsior was found to have 
the equation (see Figure 6) 


h = 0.006 V***. 


The curve of the above equation de- 
scribed a plot of the theoretical draft 
versus the bulk air flow very well, 
again showing the stack effect as the 
major cause of natural draft and ven- 
tilation. 

A plot of the sewage temperature 
minus the outside air temperature 
versus the bulk air flow showed excel- 
lent correlation with the straight line 
(see Figure 7) 


V = 0.0519 D. 


For the one run conducted under 
windy conditions the actual draft was 
of greater positive magnitude than the 
computed theoretical draft, indicating 
that the wind is likely to cause an up- 
flow of air through a housed filter. 


Plainview, Minn. 


A total of 9 sets of observations 
were taken at the Plainview, Minn., 
plant, the only filter in this investiga- 
tion that was not housed. Four of the 
observations were taken when the wind 
velocity was 2.0 m.p.h. or less. Outside 
air temperatures varied from 70.2° to 
28.5° F. 

It was very difficult to obtain draft 
gage readings for the four observations 
when the wind velocity was less than 


143 


: 
4 


144 SEWAGE AND INDUSTRIAL WASTES 


2.0 m.p.h., and impossible when the 
wind velocity was 2.0 m.p.h. or more. 
However, actual drafts were measured 
for two runs and these compared quite 
well with the computed theoretical 
drafts. On this basis it seemed that 
a curve of draft versus air flow com- 
parable to the curve of Figure 2 for 
Excelsior could be obtained by using 
the theoretical draft instead of actual 
draft. Such a curve appeared to ap- 
proximate the straight line (see Figure 
6) 
h = 0.002 V. 


Data from these same runs were also 
plotted for the relationship between 
the bulk air flow and the temperature 
difference between the sewage and the 
outside air. The straight line through 


these points was (see Figure 7) 


V = 0.0867 D. 
These data are of a comparative na- 
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ture and are described in the sum- 
mary. However, it is evident that a 
relatively small draft produces high 
air flows through this open filter and 
such drafts may be obtained by a stack 
effect. 

For the five runs conducted when 
the wind velocity was 2.0 m.p.h. or 
greater, the data obtained was not 
quantitative, but more of a qualitative 
nature. The air velocity observations 
at the underdrain wall ports varied 
such that the air moved into the filter 
from the gallery at as high velocities 
as the air moved out of other wall 
ports. The data from one of these 
observations are plotted in Figure 5. 
All five runs could be plotted in a 
similar manner, with the arrow indicat- 
ing the direction of air movement and 
the numbers indicating air velocities 
in the underdrain wall ports. The 
dashed line perpendicular to the wind 
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FIGURE 5.—Example of air circulation in open filter at Plainview, Minn. 
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FIGURE 6.—Relationship between total draft and bulk air flow in trickling filters. 


direction clearly indicates the jump ef- ates a relatively higher pressure on the 
fect of the wind. The upwind half of downwind half of the filter to induce 
the filter has air moving from the gal- air circulation within the filter media. 
lery up through the rock, whereas the One of these five runs was conducted 
downwind section shows the air mov- with the writer sealed in the tunnel 
ing down through the rock into the (entrances closed to the outside) and 
gallery. In other words, the wind cre- the air velocities observed were only 
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slightly less than those observed with Summary of Experimental Data 

the tunnel doors open. From these data The majority of the data were ob- 
it seems that the wind is extremely served for air flow up through the fil- 
effective in causing ventilation or air ters, but data secured at the Excelsior, 
circulation within an open filter bed. Minn., plant indicate that the mechan- 
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FIGURE 7.—Relationship of difference in temperature between sewage and outside air 
and the bulk air flow. 
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ics of air flow down through the filter 
are quite similar to those shown under 
upflow conditions. Figure 6 is a sum- 
mary of the curves of draft versus 
bulk air flow; an additional curve from 
the work by Piret (3) on a filter model 
is included. Since Piret’s model in- 
cluded resistances comparable to that 
offered by the media and the top of the 
underdrain blocks of the Plainview fil- 
ter, the Plainview curve should (as it 
does) lie slightly to the right, because 
it includes the additional resistances of 
the tunnel and the underdrain system. 
Therefore, despite the paucity of data 
from Plainview, the resulting curve 
seems to be quite accurate. Higher 
drafts are developed with housed units, 
but the construction of the housing is 
such as to limit the air flow below that 
which is obtained through an open bed 
with a given draft. 

It must be noted that each of these 
curves applies only to the particular 
plant from which the data were taken. 
However, if a filter is similar in con- 
struction to one of those described, the 
air flow characteristics of the two fil- 
ters should also be the same. The data 
from Plainview may be applied more 
readily to other open filters than may 
the data from the housed filters be 
used with other housed units. 

Figure 7 is a summary of the curves 
for the bulk air flow versus the tem- 
perature difference between the sewage 
and the outside air. Piret’s curve does 
not pass through the origin, due to the 
relatively high influence of humidity 
on the very dry air passing through 
the filter. It is evident that the rela- 
tive positions of the curves of Figures 
6 and 7 are and should be the same 
for the different plants. For the housed 
units it is significant that the openings 
in the top of the housings were the 
smallest at the Excelsior plant, some- 
what larger at Owatonna, and largest 
at the Kenyon plant. With this in 
mind, Figures 6 and 7 show better 
ventilation characteristics with larger 
openings or less resistance to flow at 
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the top of the housing. Indefinite 
extrapolation of any of the curves of 
Figures 6 and 7 is not permissible, 
because the characteristics of flow may 
change greatly with higher drafts and 
the air flow must be at such a rate 
that the heat exchange between the air 
and sewage is enough to maintain a 
draft. 

In general, it was found that the ef- 
fect of the wind was to cause a flow 
of air up through a housed filter and, 
due to the jump effect, a general cir- 
culation of air is induced in an open 
bed. The magnitude of the wind effect 
depends on the local topography and 
the physical characteristics of the filter. 
Open filters with walls above the local 
topography and well exposed to the 
wind take best advantage of the wind 
to induce ventilation. Entrances to the 
filter galleries at the elevation of the 
underdrains are best to take ad- 
vantage of the stack effect. 


Annual Variations in Natural Draft 


_ From previous discussion it might 
be safe to estimate that the approxi- 
mate bulk air flow requirements might 
be 0.100 cu. ft. per min. per sq. ft. 
for an average filter and it seems that 
housed units present the most critical 
ventilation problems. By considering 
the filters at Kenyon, Minn., as having 
adequate and well-designed gallery and 
housing openings, the curve on Figure 
7 shows that a temperature differential 
of about 2° F. is necessary to cause 
this rate of air flow without the in- 
fluence of wind. To account for the 
influence of humidity and contingent 
factors, the minimum temperature dif- 
ference necessary to assure this rate of 
flow may be assumed as 5° F. 

From a comparison of the sewage 
temperatures at Owatonna, Minn., for 
1950 and the 1950 U. S. Weather Bu- 
reau records for Minneapolis, Minn. 
(these particular records were selected 
simply because they were at hand), it 
was found that through the year there 
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were 70 days when the average air 
temperature differed from the sewage 
temperature by 4° F. or less. As the 
average daily temperature is simply 
an average of the maximum and mini- 
mum temperatures, a daily range of 
less than 10° F. may be indicative of 
critical conditions for ventilation. Of 
the 70 days previously mentioned, only 
6 days showed daily temperature 
ranges of less than 10° F. It was 
found experimentally that wind ve- 
locities over 2.0 m.p.h. were significant 
in causing ventilation. On the above 
mentioned 6 days the average surface 
wind velocity was never less than 5.4 
m.p.h., with the minimum value of 
maximum velocities recorded at 10 
m.p.h. 

From this study it seems that, due 
to the diurnal variations of the air 
temperatures and wind velocities, com- 
binations of small temperature differ- 
ences between the sewage and the air 
with low wind velocities are not likely 
to occur very frequently. Thus, it ap- 
pears that natural forces may be suffi- 
cient to furnish adequate ventilation. 
However, the geographical location of 
a filter and local conditions may limit 
the ventilation, and the length of time 
a filter may operate without sufficient 
ventilation is not known. 
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Summary and Conclusions 


By considering the ultimate B.O.D. 
reduction in a filter by oxidation and 
using a safety factor of 20 it was found 
that comparatively low rates of air 
flow are required through the media. 
It appeared from the experimental data 
that the natural forces inherent with 
well-designed open and housed filters 
are most often great enough to provide 
for these estimated minimum require- 
ments. 

It was found that natural drafts oc- 
eur due to a stack effect and the wind. 
Drafts due to air density differences 
were shown to be largely a function 
of the temperature difference between 
the sewage and the outside air. The 
wind was found to cause an upward 
flow of air in housed filters and a gen- 
eral circulation within beds. 
Higher drafts, but lower rates of air 
flow, generally occur in housed units, 
due to the additional head losses im- 
posed by the housing. 
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During the past year, the Sanitary 
Research Laboratory of the University 
of Florida has been investigating the 
operating characteristics effi- 
ciencies of a high-rate chemical and 
biological sewage treatment unit called 
the ‘‘Aero-Accelator,’’ manufactured 
by Infileo, Ine. As a result of these 
pilot plant studies, it was found that 
this unit could be operated so as to 
produce a stabilized effluent varying in 
accordance with such factors as cost of 
operation, condition of the receiving 
stream, and State Board of Health re- 
quirements. 


Description of Unit 


The unit investigated is, essentially, 
a single, circular unit incorporating the 
principles of primary treatment—with 
or without chemical coagulation—and 
secondary treatment. To achieve clari- 
fication and stabilization, a slurry cir- 
culation type of design is utilized (Fig- 
ure 1). 

The screened raw sewage and com- 
pressed air enter at the bottom cen- 
ter of the unit. Here, an intimate 
combination with the returned, pre- 
formed activated floe is achieved by 
a rotor-disperser, which also serves to 
disperse the incoming air. Due to the 
lift effect of the air, the sewage-air- 
floc mixture is directed upward in the 
central draft tube of the unit. At the 
upper surface of the draft tube, the 
mixture flows over an adjustable con- 
centric ring and down into the ‘‘re- 
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turn flow’’ zone. This adjustable ring 
ean be set to provide desired recircula- 
tion ratios. In the return flow zone, 
the clarified liquor flows upward from 
the mixed liquor, and the active floc 
moves down. This entire floc is then re- 
turned to meet the incoming sewage. 
The effluent is removed by a pe- 
ripheral weir. A portion of the return 
flow zone is used as a concentrator for 
the collection and removal of excess 
sludge. Removal of the concentrated 
sludge is regulated by an automatic 
blow-off arrangement operated on an 
adjustable time cycle. 

If chemicals are to be used, they are 
added, by gravity, directly to the mix- 
ing section beneath the rotor. This 
achieves rapid and thorough mixing 
as soon as the sewage enters the unit. 


Operational Data 


This type of unit can be utilized 
in several ways to achieve clarification 
and stabilization of sewage. It can be 
operated as: 


1. An ‘‘activated slurry’’ 
unit. 

2. An ‘‘activated slurry’’ process 
unit plus the addition of chemicals 
(biochemical process). 

3. A treatment process unit us- 
ing calcium carbonate plus small 
amounts of air (modified Daytona 
Beach process). 

4. A chemical treatment process, 
with slight mechanical modifications 
(Daytona Beach process). 


process 


Design criterion for the 2,300-gal. 
pilot plant model utilized for these in- 
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FIGURE 1.—Section of pilot plant unit. 


vestigations is a 3.8-hr. detention time 
at 10-g.p.m. flow rate. It is noteworthy 
that this is the entire time of treatment 
from raw sewage to clarified effluent. 

This paper is concerned with results 
obtained while operating in the follow- 
ing manners: 


1. As an ‘‘activated slurry”’ type of 
treatment unit. 

2. As an ‘‘activated slurry’’ type of 
treatment unit with the addition of a 
chemical (calcium carbonate sludge 


from a 
plant). 

3. As a treatment unit using calcium 
carbonate sludge plus small quantities 
of air. 


The term ‘‘ealeium  earbonate 
sludge’? as used throughout this pa- 
per signifies the waste sludge from a 
municipal water softening plant. It 
is composed, in the main, of calcium 
carbonate (about 91 per cent), and 
magnesium hydroxide (about 5 per 
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cent). The detailed analysis of this 
sludge is given in Table I. Operation 
of a full-scale unit as a chemical treat- 
ment plant without air has been pre- 
viously reported (1). 

The sewage arriving at the Sanitary 
Research Laboratory pilot plant is, in 
the main, a domestic sewage from stu- 
dent villages on the campus of the Uni- 
versity. It is a somewhat weak sew- 
age, averaging about 125 p.p.m. B.O.D. 
on a 24-hr. composite sample. The peak 
strength is about 250 p.p.m. B.O.D., 
whereas the night sewage falls to about 
10 p.p.m. B.O.D. Due to the short dis- 
tances involved, it is almost always a 
fresh sewage, reaching the treatment 
plant within 45 min. 

Sewage flow entering the plant is 
kept constant at 60 g.p.m. by means of 
an overflow diversion at the head of 
the plant. During the hours of low 
flow from the villages, the plant in- 
fluent is kept constant by the inclusion 
of a portion of the raw sewage going 
to the main campus treatment plant. 

Samples for all analyses of the raw 
sewage and the effluent were composited 
over a 24-hr. period. An automatic 
sampler transferred small portions 
every 5 min. into a jug kept in a re- 
frigerated compartment. All analyses 
were performed according to ‘‘Stand- 
ard Methods’’ (2). 


Experimental Data 
Series 1—Activated Slurry Process 


Operation of the pilot unit as 
an ‘‘activated slurry’’ process unit was 
of an exploratory nature. The results 
obtained have been gathered over a 
short interval of time and although the 
data are insufficient for over-all con- 
clusions, it was shown that a biological 
floc could be produced. This floc was 
a typical activated sludge type, as 
shown by physical appearance, micro- 
scopic examinations, and degree of 
purification. It was demonstrated, 
therefore, that the unit can be operated 
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TABLE I.—Water Plant Sludge Analysis':* 


Hypothetical Combination % 
Organic matter and water of hydration 0.74 
Silica, SiO, 0.46 
Iron hydroxide, Fe(OH); 0.25 
Aluminum sulfate, Al.(SO,); 0.27 
Aluminum hydroxide, Al(OH), 2.08 
Calcium carbonate, CaCO; 91.00 
Magnesium hydroxide, Mg(OH),. 5.20 
100.00 


! Results based on sample dried at 110° C. 
?Courtesy of Black Laboratories, Inc., 
Gainesville, Fla. 


utilizing an ‘‘activated slurry’’ proc- 
ess. 


Series 2—Activated Slurry Plus. Cal- 
cium Carbonate (Biochemical 
Process) 


Over a two-month period, the pilot 
plant unit was operated as an ‘‘acti- 
vated slurry’’ type unit with the addi- 
tion of calcium carbonate sludge from 
a water softening plant. The primary 
objectives of this series of experiments 
were to determine the effects of the cal- 
cium carbonate and the optimum doses 
to be employed. The flow was kept con- 
stant at 10 g.p.m. (design rate) giving 
a 3.8-hr. detention time; air input was 
4 ef.m. during the day and 2 c.f.m. 
during the night. The duration of the 
run was 44 days. 

Three different doses of calcium car- 
bonate sludge were considered to give 
a reasonable preliminary range; 200, 
100, and 50 p.p.m., were added in three 
series. The results of this phase of in- 
vestigation are given in Table II. 


TABLE II.—“‘Activated Slurry” plus Calcium 
Carbonate: Summary of Series 2 
(Average Values) 


Effluent (p.p.m.) | Removal (%) Air 
CaCO: Input 
(p.p.m.) (eu. ft./ 


Susp. Susp. gal.) 
B.O.D.| “gop | B.0.D.| “geP 


200 10 18 91.1 | 95.3 | 0.28 
100 9 12 95.2 | 94.6 | 0.30 
50 17 11 86.9 | 92.4 | 0.30 


i 
= 


152 


The addition of calcium carbonate 
in this study indicated several possible 
operating advantages. First, operation 
was greatly stabilized. It appeared that 
the calcium carbonate slurry had a 
weighting effect on the activated floc, 
which produced more rapid and more 
uniform settling of the sludge. Sec- 
ond, when calcium carbonate was added 
air requirements were somewhat lower 
than with conventional methods for an 
equal degree of treatment. In the pilot 
unit a typical activated sludge was 
present with an air input of approxi- 
mately 0.3 cu. ft. of air per gallon of 
sewage treated, whereas 0.5 to 1.5 eu. 
ft. of air per gallon are required for 
activated sludge when carbonate is not 
added. 


Series 35—Calcium Carbonate Plus Low 
Air Input 


The distinction between this series 
and tests previously discussed under 
Series 2 above, lies in the amount of 
air input. For the previous series, the 
air input quantity was chosen as ap- 
proaching that required by the conven- 
tional activated sludge process. For 
this series, the quantity of air input 
was determined as that amount neces- 
sary to keep the dissolved oxygen 
(D.O.) content of the mixed liquor 
section at a predetermined level. It 
was decided to keep the D.O. at 1 
p.p.m. with the thought of not at- 
tempting to build an activated sludge, 
but merely to furnish enough air to 
keep the mixture in an aerobie con- 
dition. This value of 1 p.p.m. D.O., it 
was felt, would meet this requirement 
and yet not make operational control 
too critical, as might a lower value. 

Two phases were investigated under 
the above conditions. The first was to 
determine, more exactly, what the 
optimum calcium carbonate dose was 
at the design rate of flow with a 3.8- 
hr. detention time. The results of this 
series are given in Table III. The du- 
ration of the run was 64 days. 
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TABLE III.—Efficiencies at Various Detention 
Times (Calcium Carbonate Plus Low Air 
Input): Summary of Series 3A 
(Average Values) 


Effluent (p.p.m.) | Removal (%) 
CaCOs 
(p.p.m.) 


Susp. 


B.O.D. Sol. 


B.O.D. 


45 70.4 
50 74.6 
28 : 82.1 
32 5 74.3 


69.6 
66.5 
79.9? 


64.8 


1 Based on 6 days sampling only. 
? Based on 8 days sampling only. 


The outstanding feature of this run 
was the fact that a type of activated 
sludge was produced with the low 
quantities of air supplied. With an 
air input of less than 0.2 cu. ft. per 
gallon of sewage (0.11 to 0.19 ecu. ft. 
per gal.), a biological floe was con- 
stantly maintained in the unit. That 
this floe was biological in nature was 
shown by the degree of B.O.D. re- 


movals achieved, and also by micro- 
scopic examinations of the mixed liquor 
conducted at various times. 

The microbiology of the mixed liquor 


ae 


was such that the term ‘‘atypical’’ 
activated sludge should be applied in 
this situation. A ‘‘normal’’ or ‘‘typi- 
cal’’ activated sludge microscopically 
reveals a balance of certain organisms 
(for example, protozoans as peritrichs, 
holotrichs, hypotrichs; and gelatinous 
zoogleal containing bacteria. 
The mixed liquor developed during this 
series revealed that some of the usual 
activated sludge organisms were pres- 
ent, but not all. For example, during 
one series holotrichs and hypotrichs 
were commonly found, as well as the 
typical gelatinous masses, but peritrichs 
were absent. Generally, it was found 
that peritrichs were present and holo- 
trichs and hypotrichs were absent. 
This sludge appeared, usually, to con- 
tain smaller numbers of metazoans, par- 
ticularly rotifiers, than activated 
sludge. The picture would change in 


masses 
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50 0.19 
75 0.13 
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TABLE IV.—Efficiencies at Various Detention 
Times (Calcium Carbonate Plus Low Air 
Input): Summary of Series 3B 
(Average Values) 


Effluent 
(p.p.m.) (%) Air 
Flow | Det. (cu. ft./ 
(g.p.m.) | (hr.) gal.) 
Susp. Susp. 
B.0.D.) “gor. B.O.D.) "gor. 


10! 3.8 | 28 | 30 | 82.1 | 79.9} 0.13 
15 2.97] 28 | 45 | 75.2 | 66.6} 0.12 
18 2.57} 35 | 21 | 65.9 | 77.1] 0.16 
20.7 | 2.12} 22 | 24 | 81.5 | 75.6) 0.10 


Results from Series 3A. 
? Variation in detention time resulted from 
a change in unit capacity. 


relative numbers and types of organ- 
isms, but the floc always remained bio- 
logically active. 

In the second phase of this series, 
with the optimum dose (75 p.p.m.) of 
calcium carbonate added and sufficient 
air to maintain 1 p.p.m. D.O. in the 
mixed liquor, the flow rates were in- 
creased above design values. Operat- 
ing criteria and efficiencies were then 
determined. During this period the 
flow was increased to 15, 18, and 20.7 
g.p.m., the latter representing a deten- 
tion time of 2.13 hr. Results of this 
phase of operation are summarized in 
Table IV. The run duration was 45 
days. 

It was found that with the condi- 
tions present at this pilot plant, the 
unit could handle more than twice the 
design capacity (duration of run ap- 
proximately 2 months) and produce 
a good quality effluent. This was ac- 
complished with slightly greater than 
2-hr. detention time for the entire treat- 
ment process—from raw sewage to fi- 
nal effluent. 


General Discussion 


The following observations are perti- 
nent to all investigations discussed in 
this paper. All final effluent samples 
were unsettled samples, collected from 
the effluent discharge line. 
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It must be realized that operational 
control of this unit was performed by 
a graduate student. This means that 
control was limited during certain pe- 
riods of the day and it is felt that 
better efficiencies could be attained 
with closer control. During the last 
run, the student had more time avail- 
able; consequently, better results were 
obtained, with fewer operational prob- 
lems. 

The pilot unit did not, however, pre- 
sent any unusual problems during 
these investigations. If operated as a 
biological treatment unit, it requires 
the usual plant control measures (as in 
activated sludge)—for example, dis- 
solved oxygen and suspended solids 
content of the mixed liquor, settling 
tests, wasting of sludge, ete. Daily 
microscopic examinations would be 
helpful. 

Wasting of sludge from this type 
of unit is determined by the concen- 
tration of solids in the mixed liquor 
and by the slurry level in the settling 
zone of the unit. There is a zone in the 
unit within which it is desirable to keep 
this level. For the 10-ft. high pilot 
plant unit herein reported, this zone 
was 9 in. high, starting 4.5 ft. from 
the bottom. The sludge level, there- 
fore, is maintained at, or slightly be- 
low, the outer draft tube. 

It' was found during these investi- 
gations that the unit was well able to 
cope with a type of shock loading. 
The sewage entering the pilot plant is 
extremely weak, with a B.O.D. of about 
10 p.p.m., for periods of about 6-hr. 
duration during the night. Within 2 
hr., in the early morning, the B.O.D. 
will increase to 250 p.p.m. A low 
strength sewage for long time intervals 
followed by a sudden large increase 
in strength is a burden on an activated 
sludge type plant and it is difficult to 
keep the floc in condition during the 
weak periods. The pilot unit was ap- 
parently able to respond to this daily 
schedule with no detrimental effects. 
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Operational economies have not been 
investigated on an actual cost basis, as 
they will vary according to time and 
place. However, several factors remain 
constant and these should be borne in 
mind when evaluating this type of unit. 
First, a single unit is employed instead 
of multiple units. This means that the 
one unit can eliminate the need for 
primary sedimentation and secondary 
settling tanks, because it performs 
their functions as well as that of 
secondary treatment. Second, the air re- 
quirements are apparently much lower 
for corresponding removals than in a 
conventional activated sludge process. 
This means a saving on one of the 
major items of cost in this type of 
treatment. Third, the problems of dif- 
fuser clogging are eliminated, as no 
diffusers are employed. Fourth, the 
cost of the calcium carbonate sludge 
should involve only handling, inas- 
much as the water softening plant must 
dispose of its sludge. Fifth, operating 
personnel requirements may be some- 
what less than with conventional acti- 
vated sludge plants. 

Several factors in operation should 
be investigated further, and will be in 
the future. Some of these are (a) opti- 
imum suspended solids concentration, 
(b) optimum rotor speed, (¢) recireu- 
lation ratios, and (d) a more exact 
program of sludge removal from the 
unit. It is felt that greater knowledge 
of these points will aid in more efficient 
operation. 


Summary 


A pilot plant model of a single-unit 
sewage treatment plant has been sub- 
jected to a series of investigations at 
the Sanitary Research Laboratory of 
the University of Florida. Although 
all factors have not been integrated 
and evaluated, it has been found that: 


1. Operation as an _  ‘‘activated 
slurry’’ type process of sewage treat- 
ment is possible. Additional opera- 
tional data are to be gathered. 
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2. Operation as a ‘‘biochemical’’ 
process is also feasible. When calcium 
carbonate is added to an activated 
sludge, as much as 95 per cent of the 
B.O.D. of the sewage can be removed 
with 0.30 eu. ft. of air per gallon of 
sewage. The calcium carbonate should 
be added in a ratio of about 1 part of 
calcium carbonate (CaCO,) to 1 part 
of suspended solids (for example, a 
sewage with 200 p.p.m. suspended sol- 
ids would require about 1,700 lb. of 
calcium carbonate per million gallons 
of sewage. 

3. Operation as a ‘‘modified Day- 
tona Beach process’’ (caleium ecarbon- 
ate plus low air input) resulted in a 
form of biological treatment wherein 
an atypical activated sludge floe was 
formed. Using 0.13 cu. ft. of air per 
gallon of sewage, 82 per cent of the 
B.O.D. could be removed at the design 
rate of flow. At more than twice the 
design rate, 81 per cent of the B.O.D. 
was removed using 0.10 cu. ft. of air 
per gallon of sewage. 

4. When operating as a_ biological 
treatment unit, frequent microscopic 
examination of the mixed liquor ap- 
pears to be a useful additional tool for 
the control of the unit’s performance. 


It should be mentioned that the di- 
gestion of sludge from a calcium car- 
bonate process in this unit has been 
investigated at this laboratory. Diges- 
tion of such sludge apparently pre- 
sents no unusual problems. 
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Professor Jaffe’s investigations of 
the Aero-Accelator are interesting in 
that they show that under certain con- 
ditions the unit is capable of producing 
high quality effluents. These condi- 
tions are that (a) the sewage be fresh, 
possibly containing D.O.; (b) the sew- 
age be weak, averaging 125 p.p.m. 
B.O.D. or less; (¢) the flow be con- 
stant; (d) a controlled amount of 
CaCO, be added to the sewage; and 
(e) about 0.3 eu. ft. of air be added 
per gallon of sewage. 

Considerable work is still to be done 
before the method described may be 
adapted and proper conditions estab- 
lished for the treatment of average or 
high strength sewages or for treatment 
without the addition of CaCO, 

It is difficult to evaluate the bene- 
ficial effects claimed for CaCO, addi- 
tion as no results are given on runs 
with aeration alone. Nor ean any 
valid comparison be made with other 
types of activation units for the same 
reason. 

It is reasonable to expect that the 
CaCO, added has a favorable weight- 
ing effect and that its absence at low 
detention and low air addition may 
seriously alter the operating results 
presented. Eidsness (1), in describing 
tests at three locations on a pilot plant 
the same as or similar to that used by 
Jaffe, makes the interesting observa- 
tions that: (a) sludge bulking occurred 
at low air quantities when CaCO, was 
not added, but never occurred when 
present; (b) with average or strong 
sewages considerably more air had to 
be added than when a weak sewage was 
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treated; and (c) periodic peak loads 
caused difficulties. These observations 
appear to be entirely reasonable and 
will undoubtedly be confirmed by the 
continuing work of Jaffe. 

The observation by the author that 
the unit was well able to cope with 
‘*a type of shock loading’’ should not 
be misinterpreted. The fact that he 
showed that it was possible for his 
plant to handle a sudden increase in 
B.O.D. to 250 p.p.m. from a 6-hr. low 
of 10 p.p.m. means little. Its capability 
for handling a sustained load of 250 
p.p.m. or sudden peaks above this fig- 
ure would be more significant. Most 
small plants receive extremely weak 
sewage during the early morning hours 
and should be designed on the basis 
of the B.O.D. of the 18-hr. flow, rather 
than on the 24-hr. average. This is 
especially true of small activated 


_sludge installations, even where lib- 


eral aeration tank capacity is provided. 
Where high-rate (that is, short period) 
aeration is practiced, conditions should 
be much more critical, as the activated 
sludge does not get the chance to re- 
cuperate as it does with long detention 
periods. In this respect, it would be 
of interest to know what the effluent 
condition was during the day and from 
day to day, rather than for long-time 
averages. 

It is presumed that the Aero-Ac- 
celator should work satisfactorily as an 
activation unit, provided a proper bal- 
ance is maintained among sewage 
strength, detention, rate of sludge re- 
circulation, and air quantity. Many 
small combination type units, wherein 
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aeration and sedimentation are carried 
out in a single tank, are in commercial 
operation. A large number of these 
dispense with pre-sedimentation. Work 
at Chicago and elsewhere has demon- 
strated that with weak sewages good 
activation may be obtained with rela- 
tively short detentions and low air con- 
sumption. Likewise, combination me- 
chanical-air diffusion types of aera- 
tion systems have demonstrated econo- 
mies in air consumption. The addition 
of chemicals and weighting agents for 
reducing aeration time and air quanti- 
ties have been used by Guggenheim in 
this country and by Zigerli abroad. 
Results on sludge digestion experi- 
ments being carried on by the author 
should be interesting. In a number of 
small plants here and in Canada it was 
found that although activated sludge 
alone will digest readily, very large 
tank volumes are required because the 
sludge does not concentrate. As a re- 


sult the supernatant liquor usually has 
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about the same solids content as the 
incoming feed. It may possibly be that 
the addition of CaCO, may alter this 
condition. At the same time, however, 
the CaCO, will add to the bulk of 
sludge that must be disposed of. Based 
on resulty reported at Grand Rapids, 
Mich., CaCO, should not adversely af- 
fect digestion if the proportion of 
CaCO, to sewage sludge solids is 1:1 
or less. 

Professor Jaffe and his co-workers 
are to be commended for their investi- 
gations made to date. It is hoped that 
they may be able to continue their 
work so that the many variables af- 
fecting their results may be more 
closely defined and a proper evaluation 
of the limitations and economics of the 
Aero-Accelator made _ possible. 


Reference 


1, Eidsness, F. A., ‘‘Some New Developments 
in Aeration. III. The Aero-Accelator 
—Pilot Plant Studies.’’ THis Jour- 
NAL, 23, 7, 843 (July, 1951). 


THREE NORTH CAROLINA UNIVERSITIES LAUNCH ANNUAL 
SERIES OF WASTES DISPOSAL CONFERENCES 


Under the joint sponsorship of Duke 
University, North Carolina State Col- 
and the University of North 
Carolina, a series of annual Municipal 
and Industrial Waste Conferences was 
recently established. The first con- 
ference is to be held March 13-14 at 
North Carolina State College for the 
purpose of promoting cooperative solu- 
tions of municipal and_ industrial 
waste disposal problems. 

The conference program on ‘‘Clean 
Streams in Southern Eeonomy’’ will 
be led by outstanding figures in the 
field of industrial and municipal waste 
control. Workshop discussions of ecur- 
rent waste disposal problems will fea- 


lege, 


ture those arising from textile, syn- 
thetic fiber, and paper industries. Ten- 
tative plans have been made to publish 
the conference proceedings. 

The annual conferences will be in- 
tegrated with the short schools for 
sewage and water plant operators which 
the three institutions conduct each year 
for the North Carolina Sewage Works 
Association and the North Carolina 
Section, AWWA. 

Information about the March 13-14 
meeting, as well as other Conference 
matters, may be obtained from Dr. 
Nelson Nemerow, Civil Engineering 
Dept., North Carolina State College, 
Raleigh, N. C. 
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When the dissolved oxygen in a pol- 
luted watercourse has fallen to zero and 
this condition has persisted for some 
time, it may well happen that hydrogen 
sulfide is liberated upon adding acid to 
the Winkler sample. It was thought 
that some measure of the sulfide con- 
tent could be obtained by the measure- 
ment of absorption of iodine, particu- 
larly since the iodine solution could 
conveniently be formed in situ by run- 
ning N/80 potassium permanganate so- 
lution into the Winkler treated sample. 
It was necessary to make allowance for 
substances other than sulfides which 
might react with iodine and a blank was 
carried out on a portion of the sample 
which had been freed from hydrogen 
sulfide by gassing it away with nitrogen 
from an acid solution. 

Many iodiometrice methods for the es- 
timation of sulfides are given in the lit- 
erature. Although they vary in detail, 
they are usually based on one of 
two main procedures: (a) by driving 
hydrogen sulfide from an acid solution 
in a stream of nitrogen, with re-absorp- 
tion in a suitable solution (usually cad- 
mium or zine acetate), in which it can 
be determined by iodine treatment; 
and (b) by loss of iodine demand up- 
on acidification and gassing off the 
hydrogen sulfide. 

The former method is generally held 
to give a high degree of accuracy and 
is the basis of the titration method 
described in ‘‘Standard Methods”’ (1). 
Many varied methods are summarized 
by Mahlie (2), but it was the work of 
Pomeroy (3)(4) upon which the A.P. 
H.A. method was based. 

In general, methods involving ab- 
sorption in cadmium or zine salts are 
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held to be capable of a high degree of 
accuracy, whereas those involving loss 
of iodine demand are offered as having 
only an approximate value as a rough 
field test, or even of no value at all. 
Nevertheless, it was thought that a 
method which could give by one rou- 
tine operation a measure of either dis- 
solved oxygen or total sulfides (each 
in the absence of the other) would be 
of too great a value to abandon with- 
out further investigation. Efforts 
were accordingly concentrated on im- 
proving the accuracy of a technique 
based on loss of iodine demand, par- 
ticularly since the shorter methods of 
estimation of sulfides, such as the 
methylene blue method, were not, in 
the writers’ experience, of a sufficiently 
high order of accuracy. 

In developing a suitable technique, 
many problems had to be resolved: air 
had to be excluded at all stages to 
prevent oxidation, gaseous hydrogen 
sulfide must not escape, particularly 
in the transfer of a sample; and the 
attenuated and doubtful titration 
end points common with weak solu- 
tions had to be made sharp and re- 
peatable. Even commercial nitrogen 
gas could not be used unless the small 
oxygen impurity were scrubbed out. 
The technique was built up step by 
step into a reliable routine. 


Method 
1. Reagents 


1.1. Manganous chloride solution. 
Dissolve 800 g. of Mn Cl,:4H,O in 
distilled water and make up to 11. 

1.2. Alkaline iodide sodium azide. 
Prepare a solution containing 300 g. 
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NaOH, 150 g. KI, and 10 g. Na N, per 


3. Hydrochlorie acid, coned. 
. Iodine solution, N/80. 
. Sodium thiosulfate solution, 


}. Starch solution. 


reagents are of ‘‘Analar’’ qual- 


2, Sampling 


A standard dissolved oxygen (D.O.) 
depth sampling apparatus is used con- 
taining a bottle of approximately 500- 
ml. capacity. An additional quantity 
of sample not less than 500 ml. is re- 
quired for the determination of the 
blank. This portion, taken from the 
container, should be set aside in a 
stoppered bottle completely filled with 
the liquid and kept in a cool dark 
place until required. 


3. Treatment with Winkler Reagents 
The D.O. sample is treated with 1 


ml. of solution 1.1. and 2 ml. of solu- 
tion 1.2., either immediately after 
withdrawal from the river or upon 
receipt at the laboratory (usually 
within 10 min.) At the end of 10 
min, the sample is again thoroughly 
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shaken and allowed to re-settle for a 
similar period so that there is a mini- 
mum of 20 min. before analysis com- 
mences. During this period the bottle 
should be kept in a dark cool place. 


4. Procedure 


A 1-1. conical flask is filled with ni- 
trogen, preferably by downward dis- 
placement, and 10 ml. of iodine solu- 
tion (or more if the sulfide content is 
expected to require it) is accurately 
pipetted into the flask. At this stage 
it is convenient to stopper the flask 
with a bung in which there is a hole 
to take the stem of a pipette and which 
can then be closed with a smaller stop- 
per. 7 ml. of hydrochloric acid is care- 
fully poured into the Winkler treated 
sample, the double stopper device is 
quickly fitted into the bottle and then 
inverted and fitted into the flask, so 
that the contents of the bottle empty 
into the flask. The apparatus is now 
inverted two or three times so that the 
liquid is well-mixed by transfer alter- 
nately between bottle and flask. The 
sample is allowed to stand on the bench 
for 10 to 15 min. and is finally titrated 
with N/80 thiosulfate. The operation 
is shown diagrammatically in Figure 1. 


FIGURE 1.—Double stopper device for air exclusion, made with 
waxed corks. 
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Iodine Demand of Blank 


500 ml. of the reserved sample is 
measured into a 1-l. conical flask, aera- 
tion being avoided as much as possible. 
7 ml. of hydrochloric acid is added 
and the flask is closed with a two-way 
hole bung carrying suitable gas bub- 
bling connections. Oxygen-free nitro- 
gen is passed in vigorously until hydro- 
gen sulfide ceases to be evolved, as 
indicated by a lead-paper test. 2 ml. 
of alkaline iodide reagent is mixed 
in and the liquid is treated alongside 
the main sample with 10 ml. of N/80 
iodine and left 10 to 15 min. before 
titration. 


Calculation 


1 ml. of N/80 iodine is equivalent to 
0.2 mg. of S”. Hence, for exactly 500- 
ml. samples (after allowing for the in- 
itial 3 ml. of reagents added), and if x 
equals the ml. of iodine solution ab- 
sorbed by the sample and y equals the 
ml. of iodine solution absorbed by the 
blank, 

0.4 (2-y) = 8’ (p.p.m.) 


Alternative Method for Total 
Iodine Demand 


Although somewhat less accurate, an 
alternative procedure for total iodine 
demand is simpler and is more useful 
when dealing with an unknown range 
of sulfide concentration, more particu- 
larly when it is uncertain if dissolved 
oxygen or sulfide is present. When the 
sulfide content is less than 1 p.p.m. 
the loss of accuracy is negligible. 

The sample, previously treated with 
Winkler reagents, is acidified in the 
usual way and 20 to 30 ml. is poured 
quietly into a smaller stoppered bottle 
containing a little starch solution; this 
will indicate the presence or absence 
of oxygen. If oxygen is absent, suffi- 
cient iodine solution is measured into 
the main sample to provide an excess. 
The remaining portion is also treated 
either by running in a little of the 
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measured iodine solution or by adding 
enough of the treated main sample to 
give a good blue color with the starch 
solution. It is important that during 
these operations the stoppers should 
be removed for the minimum possible 
periods. After standing for the usual 
length of time, the main sample is 
transferred to a flask and titrated al- 
most to completion ; the contents of the 
smaller bottle are added and the titra- 
tion completed. 


Notes 


1. N/80 potassium permanganate 
solution may be substituted for the 
N/80 iodine solution, as it is immedi- 
ately converted into its equivalent of 
iodine by the hydriodic acid present 
in the acid solution. No untoward side 
effects have been noticed. 

2. The preparation of the sample for 
titration (for example, the potassium 
iodide concentration, time of standing 
on the bench, end point, ete.) should 
be carefully standardized. It is even 
desirable to standardize the thiosulfate 
solution with a solution equal in vol- 
ume and in concentration of reagents 
to that of the test solutions. Titration 
can be carried out to a standard shade 
of blue, but it has been found better 
to titrate to the first discharge of the 
blue color. 

3. Rubber should not be exposed to 
free hydrogen sulfide: all stoppers 
should be of glass or waxed cork. 


Choice of Method for Comparison 


Having developed a routine tech- 
nique, it became necessary to confirm 
how far it was accurate as a measure 
of sulfide content. It was decided to 
compare it with a method involving 
liberation of hydrogen sulfide with re- 
absorption in a suitable solution and 
subsequent iodine titration. The 
method chosen was based on that de- 
scribed as the titration method in 
‘*Standard Methods’’ (1). It was at 
this stage that difficulties were en- 
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countered and the first comparisons 
were poor. 

General experience is that sulfides 
are difficult to determine accurately. 
In addition to the precautions taken 
in building up the technique against 
oxidation, loss of hydrogen sulfide gas, 
and weak end points, there was the 
difficulty that sulfides do not provide 
stable or reliable standard solutions 
and it became necessary to devise a 
method of dividing a sample into two 
portions having exactly the same sul- 
fide concentration. Further, the pres- 
small amount of residual 
oxygen in nitrogen gas is sufficient to 
affect comparisons, even though the 
greater part of the hydrogen sulfide is 
driven over in the first few minutes. 
As with the routine technique, the 
method adopted for testing it was 
built up by stages, eliminating sources 
of error one by one. 


ence of a 


Procedure for Comparison 


The sample is taken in a Winchester 
pint bottle, filled to the top, and stop- 
pered to exclude air. The bottle is well 
shaken to ensure uniform dispersion 
of the solids and, by means of a suit- 
able connection, the sample is forced 
over by nitrogen gas into two 500-ml. 
bottles previously filled with the gas. 
This process is done rapidly with con- 
tinued agitation to prevent any settle- 
ment of suspended solids, and the bot- 
tles are stoppered quickly. One of the 
two bottles is set aside to be treated 
by the routine technique, previously 
described, using the air-excluding de- 
vice. The second bottle is treated with 
7 ml. of hydrochloric acid poured 
gently as a layer at the bottom by 
means of a long-stemmed narrow-bore 
funnel. The bottle is leveled off to a 
known volume by replacing the stop- 
per momentarily (care being taken to 
preserve the layers) and then is in- 
troduced into the train already swept 
with nitrogen gas. The train consists 
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of a cylinder of nitrogen gas followed 
by two Dreschel bottles containing al- 
kaline pyrogallol (10 per cent in 20 
per cent NaOH solution) to remove 
oxygen; a further Dreschel bottle hold- 
ing glass wool moistened with 25 per 
cent sulfuric acid; then the sample 
followed by an empty 500-ml. bottle; 
and, finally, two Dreschel bottles each 
holding 50 ml. of a 2 per cent cadmium 
acetate solution acidified with acetic 
acid equal to 0.1 per cent. The sample 
is inserted in the train and all joints 
are confirmed to be gastight. The 
vas is set running and when the sample 
starts to siphon, the bottle is swirled 
round to mix in the acid. The tubing 
has been adjusted so that when half 


FIGURE 2.—Arrangement of tubing to 
introduce full sample bottle into train with- 
out loss of H.S and to divide the sample 
between the two bottles by nitrogen gas. 


»> 


the contents of the sample bottle are 
driven into the second bottle the siphon 
breaks and gas bubbles through both 
half-filled bottles (Figure 2). The gas 
is left bubbling fairly vigorously at a 
rate not less than 1 cu. ft. per hr. At 
the end of 1 hr. a moistened lead ace- 
tate paper is inserted between the 
sample and the absorbent to confirm 
that all hydrogen sulfide has been 
driven over. The Dreschel bottles con- 
taining the cadmium acetate solution 
are detached from the train and treated 
with a measured excess of N/80 iodine 
solution, all but a small reserve being 
run into the first bottle. After thor- 
ough mixing, 10 ml. of coneentrated 
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hydrochloric acid is added to each 
bottle by way of the inlet tube. When 
the reactions are completed, as shown 
by the disappearance of the precipi- 
tate, the contents of both bottles are 
washed into a flask, 1 ml. of 15 per 
cent potassium iodide solution is added, 
and the whole is titrated with thiosul- 
fate solution. 

The sample remaining in the two 
bottles in the train is treated with 2 
ml. of alkaline iodide Winkler reagent 
and then with 10 ml. iodine solution 
to act as the blank for the portion 
treated by the direct technique. 


Notes 


1. It is important that a comparison 
of the two methods should be made on 
two portions obtained by dividing a 
single sample with due care; dupli- 
cate samples taken under similar con- 
ditions are not certain to give suffi- 
ciently close agreement. 

2. A blank should be run _ using 
oxygen-free distilled water: reagents 
can give small absorptions. 

3. Nitrogen gas must be free from 
oxygen and is much to be preferred to 
carbon dioxide, which may give a high 
blank result and which must be spe- 
cially freed from oxygen. 

4. Iodine titrations of all samples, 
blanks, and standardizations should be 
made in the presence of a minimum 
concentration of hydriodie acid (added 
as potassium iodide to the solution). 
The amount of potassium iodide intro- 
duced by the alkaline iodide Winkler 
reagent gives about 460 p.p.m. of hy- 
drogen iodide, which is above the con- 
centration required. It is a matter of 
practical experience that the presence 
of hydrogen iodide speeds up the re- 
action to a sharp end point and that 
in the virtual absence of hydrogen io- 
dide the reaction does not reach final- 
ity until the re-appearing color has 
been discharged repeatedly over a long 
period of time. 
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TABLE I.—Comparison of Methods for 
Determination of Sulfides 
(in P.P.M.) 


Direct 
Technique Method 


26.80 26.14 
7.76 
7.12 

19.35 
0.33 
4.50 

11.54 
0.82 
1.46 


Blanks 0.06, 0.06 


Results and Discussion 


Table I shows the results of com- 
parisons made on samples of varying 
sulfide contents. Most of the samples 
consisted of river water, to which hy- 
drogen sulfide had been added and 
then set aside for several days to sta- 
bilize. 

The results indicate a very satisfac- 
tory degree of agreement, particularly 
in the range in which sulfides have 
been found in polluted river water; 
that is, up to a (rarely attained) maxi- 
mum of 7 p.p.m. Pomeroy (3) found 
that sulfides estimated by absorption 
in zine acetate were constantly lower 
in amount than those determined by 
the loss of iodine demand on acidifica- 
tion and bubbling with nitrogen. He 
assessed his results on _ theoretical 
grounds by a consideration of the be- 
havior of the possible constituents and 
of the possible sources of error. Pom- 
eroy rejected the method based on loss 
of iodine demand as being too much 
subject to serious errors although he 
accepted the method involving absorp- 
tion in zine acetate as being quite ac- 
curate under ordinary conditions. 
Pomeroy ’s experiments were made with 
sewages and effluents, liquors which 
will have greater natural iodine de- 
mands than river waters. He also 
stated that it was impossible to secure 
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sharp and stable end points in the 
presence of sewage solids and that 
errors due to this cause were serious 
at low sulfide concentrations. It is the 
writers’ experience that river water 
solids could cause the same errors in a 
lesser degree, but that the presence of 
hydrogen iodide ensures a reasonably 
sharp and definite non-revurning end 
point, even with rather dirty samples. 
Under such conditions, end points 
should be definite within two drops; 
in any event, the sample and the blank 
are paired to matched end points. Un- 
der experimental conditions, using 500- 
ml. samples and N/80 solutions, 0.1 
ml. represents 0.04 p.p.m. of 8”. 

The high sensitivity of the method 
was emphasized during the first few 
comparisons, when the figures obtained 
by the absorption method were con- 
sistently lower than those given by the 
direct method. The difference was 
found to be attributable to the pres- 
ence of oxygen as an impurity in the 
nitrogen gas. Although the greater 
part of the hydrogen sulfide is driven 
over in the first few minutes, the total 
amount of oxygen in commercial nitro- 
gen may be sufficient to oxidize more 
than 100 times the sulfide content to 
be estimated. 

A further indication of the need for 
care is given by the consideration that 
10 ml. of N/80 iodine solution is 
equivalent to 0.14 ml. of hydrogen sul- 
fide gas, an amount which could easily 
be lost in dividing or transferring the 
sample unless specially guarded 
against. This would represent 0.4 
p.p.m. of 8”, which is about 10 per 
cent of the amount met with in the 
more highly polluted samples. 


Possible Errors 


Methods employing loss of iodine de- 
mand have been criticized on account 
of errors arising from: (a) bad end 
points, (b) interference from metallic 
salts, (c) interference from nitrites, 
and (d) interference by iodine-con- 
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suming sulfur acids. It should be re- 
membered that all of these criticisms 
have been passed on iodine demand 
methods applied to sewage and similar 
liquors. In the less impure and more 
dilute medium of river water the in- 
fluence of interfering substances should 
be more restricted. 


End Points 


River water would naturally give a 
clearer liquid for matching end points, 
but in any case the practice of main- 
taining the hydrogen iodide level for 
all titrations ensures sharper and re- 
peatable end points. 


Metallic Salts 


In a normal watercourse which is not 
heavily polluted by large quantities of 
particular industrial wastes, the only 
metal which needs consideration is 
iron. Although ferrous iron will ab- 
sorb iodine, a similar absorption will 
oceur in the blank, because it is treated 
in a similar manner, hence any effect 
due to the metal is nullified. 

Nitrites 

The Winkler reagents contain so- 
dium azide, which in acid solution, as 
hydrazoic acid, destroys any nitrite. 
Normally, sulfides and nitrites are un- 
likely to co-exist for any length of time 
in a water. Old azide solution ean lib- 
erate small amounts of iodine from 
hydriodie acid, but the effect is can- 
celed out by the same treatment given 
to the blank. 


Salts of Iodine-Consuming Sulfur Acids 


The interfering salts of iodine-con- 
suming sulfur acids include sulfites, 
thiosulfates, ete., all of which absorb 
iodine in acid solution. Normally salts 
of these acids do not occur in a river 
unless it is heavily polluted industri- 
ally. There is, however, strong pre- 
sumptive evidence that thiosulfates are 
formed as a result of oxidation of 
sulfides in the slightly alkaline condi- 
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TABLE II.—Interference from SO, from 
Sulfur Acids (in P.P.M. of S’’) 


From 
Run Sulfides, By SO: in | By SO: in | Total 8” 
No. | Absorption Filtrate HO: as SOz 
Method 
1 6.35 0.08 0.03 0.11 
2 7.00 0.04 0.04 0.08 
3 4.41 0.02 0.09 0.11 
4 5.52 0.06 0.03 0.09 
5 8.42 0.12 0.08 0.20 


tion met with in the river. Such salts 
when acidified will give sulfur dioxide 
and, if appreciable amounts of the gas 
are carried away in preparing the 
blank, high results will be obtained. 
To settle this point, an experiment was 
made throughout a series of absorp- 
tions in which a guard tube containing 
hydrogen peroxide followed the cadmi- 
um acetate bottles. Further, the cadmi- 
um sulfide formed was filtered off and 
the iodine absorptions of the precipitate 
and of the filtrate were determined 
separately. In this way, any sulfur di- 
oxide, as sulfite, would be shown either 
in the filtrate or, should it have passed 
on, would be trapped in the peroxide 
solution. The results are shown in 
Table II. 

From these experiments it would ap- 
pear that sulfur dioxide due to decom- 
position of thiosulfates (or sulfites) in 
acid solution accounts for 0.1 to 0.2 
p.p.m. of sulfur as sulfide, which will 
be lost in the blank by the gassing 
process and which will thereby cause 
the final figure to be too high by that 
amount. This acts in the opposite di- 
rection from most other possible er- 
rors, which usually tend towards the 
loss of hydrogen sulfide. 


Conclusion 


For the direct technique developed 
in the London County Council labora- 
tory it can be claimed that it produces 
results which agree closely with those 
for sulfides measured by a standard re- 
absorption method, providing due pre- 
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cautions are taken in carrying out the 
latter. Also, that it is at least as ac- 
curate as any other method for techni- 
cal purposes. The technique has ad- 
vantages over the absorption method, 
for it is simple, there is less risk of 
loss of gaseous hydrogen sulfide, and, 
in particular, it can be combined and 
worked in conjunction with the Wink- 
ler method for dissolved oxygen, pro- 
viding a two-way. measure of pollu- 
tion in terms of iodine either absorbed 
or liberated. 


Summary 


The Winkler method of estimation 
of dissolved oxygen depends on the lib- 
eration of iodine equivalent to the 
amount of oxygen present. In polluted 
waters in which oxygen is absent, the 
Winkler method can be extended to 
measure oxyven deficiency in terms of 
iodine absorption. This deficiency is 
caused principally by sulfides and hy- 
drogen sulfide. A technique has been 
developed to give a useful routine 
method for accurate determination of 
total sulfides. The method has the 
double advantage that either dissolved 
oxygen or total sulfides, whichever is 
present, can be estimated from the one 
sample. 
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Industrial Wastes 


TREATMENT OF AMMONIA STILL WASTES BY THE 
ACTIVATED SLUDGE PROCESS * 


By W. W. MatHews 


Superintendent, Gary Sanitary District, Gary, Ind. 


On October 27, 1950, an experiment 
was started to determine to what ex- 
tent ammonia wastes could be treated 
and phenol effectively destroyed by 
the activated sludge process. Am- 
monia liquor from the Gary, Ind., coke 
plant of the U. S. Steel Company was 
pumped to the main interceptor on 
this date and continued without in- 
terruption until April 30, 1951. The 
liquor was discharged at a uniform 
rate throughout 24 hr. The first load- 
ing was approximately 10 per cent of 
the total load expected. From time to 
time the load was increased as the ex- 
periment progressed. 


Local Conditions 

The Gary treatment plant is con- 
nected to about 200 mi. of combined 
sewers. Some of the heaviest rain 
storms have occurred in January and 
February. Excessive runoff could have 
interfered materially with this experi- 
ment. At no time during the period 
were there any severe storms. Heavy 
runoffs occurred on a few days, but 
these were caused by melting snow. 
Generally speaking, ideal conditions 
prevailed for the entire period of the 
experiment. 

Biochemical Oxidation of Phenol 

Using a biological process to destroy 
phenol is not a new development. Nu- 
merous references (1) (2) (5) (6) (7) 
are available on the use of sprinkling 

* Presented at 24th Annual Meeting, Fed- 


of Sewage and Industrial Wastes 
St. Paul, Minn.; Oct. 8-11, 1951. 
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filters and activated sludge for this 
purpose. Some of the references re- 
port experimental work, whereas others 
record plant operation. The Dow 
Chemical Company, Midland, Mich., 
operates a plant ineluding sprinkling 
filters and an activated sludge plant 
in series, where large quantities of 
phenol are destroyed each day. As far 
as the writer has been able to ascer- 
tain, this is the largest phenol destruc- 
tion project in the world (6)(7). The 
Milwaukee, Wis., activated sludge 
plant treats phenolic waste with no 
difficulty. Probably many plants, 
either of sprinkling filter or activated 
sludge types, throughout the country 
treat this waste or gas plant wastes 
containing phenol; if it is in low con- 
centrations and has caused no trouble, 
the operator may not be aware of its 
being present in the raw sewage. 
The Problem at Gary 

With the reference given heretofore, 
the question may arise as to why the 
experiment at Gary was necessary. 
The south end of Lake Michigan 
which serves as a source of water sup- 
ply for the four Calumet area cities 
(East Chicago, Gary, Hammond, and 
Whiting, Ind.) and the South Side fil- 
tration plant of Chicago, IIL, a 
critical area as regards pollution. It 
is mandatory for all municipalities and 
industries in the area, as a result of a 
suit by the State of Illinois against the 
four cities, the State of Indiana, and 
the industries, to abate and keep all 
pollution out of the lake. This was 
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agreed upon at hearings before a 
Master in Chancery, appointed by the 
U. S. Supreme Court. Certain stipu- 
lations were set up and agreed to by 
the industries. 

Gery, having a treatment plant in 
operation at the time, was ‘excused 
from the suit. East Chicago and Ham- 
mond also had plants in operation and 
were likewise excused. The city of 
Whiting agreed to take steps to stop 
its pollution of the lake. Whiting 
did not have a sewage treatment plant 
in operation then and has none in op- 
eration now. Arrangements were made 
by Whiting to have its sewage treated 
in the Hammond plant for the present. 
Since the suit, several millions of dol- 
lars have been expended by industry 
in constructing new sanitary sewer sys- 
tems, connecting to municipal sewer 
systems, and making process changes 
(10). 

The physiography of the Calumet 
area is such that effluents from all 
sewage treatment plants and indus- 
tries which discharge into the Grand 
Calumet River flow in great part into 
the south end of Lake Michigan. Since 
phenol had never been a pollutant as 
far as Gary was concerned it was neces- 
sary to determine how efficiently it 
could be destroyed if the treatment of 
ammonia wastes was to be undertaken 
as an operational routine. The writer 
was not enthusiastic about starting the 
project. It was obvious that if appreci- 
able amounts of phenol passed through 
the treatment plant and finally into 
Lake Michigan, the city of Gary would 
be responsible for this pollution. 

Estimates based on past performance 
of the Gary plant, insofar as reduction 
of 5-day B.O.D. was concerned, indi- 
cated that 95 per cent destruction 
might be expected. If this estimate 
proved to be correct, from 75 to 100 Ib. 
of phenol might be discharged into the 
Grand Calumet River daily. Some of 
this, in turn, would find its way into 
the water supplies of the various cities. 
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If the experiment was to be successful 
from a treatment standpoint, it meant 
in this area practically 100 per cent 
destruction would be required. 

Study of the problem indicated that 
certain basic data should be collected 
during the progress of the experiment 
and, as much as possible, established 
as positive facts. These were as fol- 
lows: 


1. Whether the ammonia wastes 
could be treated effectively, and the 
efficiency with which phenol could be 
destroyed. 

2. The effect on the treatment proc- 
ess of the variable factors in the am- 
monia wastes. 

3. The effect of the wastes on gas 
production. 

4. Data which would serve as a base 
in computing fair costs of treating the 
wastes. 


The list, of course, does not purport 
to cover all the research work possible 
on this problem. If obtained, how- 
ever, the data would give a starting 
point for a more detailed examination 
of the problem. 

The project was cleared as an ex- 
periment with the State of Illinois 
through C. W. Klassen, State Sanitary 
Engineer, by B. A. Poole, Director of 
Environmental Sanitation, State of In- 
diana. 


Stipulations Controlling the 
Experiment 


Before proceeding with the project 
certain stipulations were set up by the 
Gary Sanitary District, as follows: 


1. Ammonia wastes should be dis- 
charged at a uniform rate throughout 
24 hr. 

2. No change in load should be made 
except as specified by the District. 

3. The waste would be shut off im- 
mediately if necessary. 

4. The test continue for several 
months, including the month of lowest 
sewage temperature. 
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The maximum load expected was 
from 1,500 to 2,000 Ib. of phenol per 
day in 500,000 gal. of ammonia still 
liquor. The liquid load was estimated 
on the basis of 25 gal. of water per ton 
of coal coked. Phenol content as 
shown by past analyses was quite low, 
amounting to less than 0.1 Ib. of phe- 
nol per ton of coal coked, and this 
without dephenolizers, as there are 
none at the Gary plant. E. C. Ken- 
nedy, superintendent of the Gary coke 
plant, stated that the low phenol con- 
tent results from the coal mix, which 
contains a higher percentage of low 
volatile coal than is ordinarily used 
at most coke plants. 


Preliminary Investigations 


About four weeks before the experi- 
ment started, technicians from Mellon 
Institute brought in the necessary lab- 
oratory apparatus, including a Beck- 
man B. spectrophotometer. Joseph H 
Wells, then Senior Fellow at the In- 
stitute, made all arrangements for the 
laboratory setup. Preliminary deter- 
minations were run on river water 
samples, the raw and clarified sewages, 
and the final effluent. A few parts per 
billion were found, but the results 
were spotty. Checks were made with 
the local hospitals and a plastics in- 
dustry to find if phenol was being 
used. No phenol was being discharged 
from any of these sources and the plas- 
tics industry had none in stock. It was 
concluded that these tests were not sig 
nificant. 

Treatment results at Dow Chemical 
Company (6) showed that with lower 
sewage temperatures in the winter 
months there was a decrease in the 
phenol removal, particularly in the 
sprinkling filter plant. Experimental 
work (3)(4) has shown that the rate 
of oxygen utilization by activated 
sludge and sludge-sewage mixtures de- 
with lowering temperatures. 
With the experiment starting in Oc- 
tober, facing decreasing temperatures 


creases 
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and increased loadings, it was obvious 
that the critical point would be reached 
when the raw sewage was at the lowest 
annual temperature. From past rec- 
ords this should occur some time in 
February. On February 11, 12, and 
13 raw sewage temperatures of 48°, 
47°, and 49° F. were noted. Initially 
the sewage temperature was 65° F.; at 
the finish, 60° F. With the completion 
of this cycle the experiment ceased. 


Loads Expected from Waste 

Preliminary studies indicated that 
the increased loading from phenol alone 
might total about 20 per cent of the 
normal secondary loading. The theo- 
retical oxygen demand of phenol has 
been shown to be 2.38 lb. per pound 
of phenol (1). Laboratory tests showed 
that with synthetic phenol solution this 
was 1.9 + lb. and that the 5-day B.O.D. 
is quite close to the ultimate B.O.D. 
Nothing was known about the 5-day 
B.O.D. of the ammonia wastes, but 
later determinations showed this 
ranged from 1,200 to 1,900 p.p.m. as 
it left the stills. At no time was it 


TABLE I. 


Constituent 


Analysis of Ammonia Still Wastes! 
P.P.M. 


Oto 6,940 
1,900 to 3,000 

50 to 750 

50 to 60 

60 to 1,820 
1,700 to 3,600 

90 to 595 

1l0to 
2,300 to 2,800 
Thiosulfate, 160 to 245 
Thiocyanate, CNS 325 
Cyanide, CN 52 
Iron oxide and alumina, 40 to 660 
Silica, SiO. 100 to 170 
Phenol 400 to 550 
Total solids 7,700 to 20,000 
Volatile 7 to 46° 
Suspended solids 1,000 to 2,000 


Free lime, CaO 
Calcium, Ca 
Magnesium, Mg 
Sodium, Na 

Free ammonia, NH; 
Carbonates, CO; 
Carbon dioxide, CO, 
Sufate, SO, 
Chloride, Cl 


1A combination of two complete analyses 
plus data noted during experiment. Dilution 
factor of sewage to ammonia wastes varied from 
40:1 to 50:1. 

2 Per cent. 
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TABLE III.—Monthly Average and Maximum 
Phenol Content of Ammonia Still Wastes 
November, 1950, through April, 1951 


Max. 
Phenol 
in Still 
Liquor 


Phenol 
in Still 
Liquor! 


Ammonia 
Still 


Month 
(1950-51) Liquor! 


(g.p.d.) 
November 
December 
January 
February 
March 
April 


1 Average values. 


possible to establish a direct relation 
between the pounds of phenol received 
on any one day and the 5-day B.O.D. 
of the ammonia wastes. 

Table I shows results of analyses 
of the ammonia wastes. This table is 
a combination of complete analysis of 
two samples, plus a few additions on 
some of the items made during the test. 
This does not cover the field of am- 
monia wastes, but rather local condi- 
tions. As a result, a wide variation 
from the values given will be found 
in numerous articles in technical jour- 
nals on this waste. 

It will be noted from Table I that 
this is a complex waste. It may well 
be designated a ‘‘rough’’ waste to 
treat. Total solids may show variations 
from approximately 7,700 to 20,000 
p.p.m., with volatile solids ranging 
from 7 to 46 per cent. Suspended 
solids range from approximately 1,000 
to 2,000 p.p.m. 


Description of Experiment 


The initial loading was just under 
200 lb. of phenol per day in 43,000 
gal. of ammonia waste (Table II). 
This was held constant until November 
3, when the phenolic load was in- 
creased, presumably, to 400 lb. per day 
with a flow of 86,400 gal. of waste. 
It was found that although it was a 
simple matter to control the rate of 
flow, phenol load varied considerably 
with uniform flow. Loading in the see- 
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ondary bracket—that is, during No- 
vember—averaged only 341 lb. per day 
(Table III). Daily loading of phenol 
in this second bracket ranged from a 
low of 136 lb. to a maximum of 657 Ib. 
Mixed liquor solids had been increased 
from 1,100 to 1,354 p.p.m. (Table IV). 
On November 2, and each day follow- 
ing when backpressure on the blower 
system permitted, a second blower was 
operated, usually from 4 to 8 hr. per 
day and sometimes longer. 

The phenolic load was increased by 
increments up to March 21, 1951, when 
the total waste was discharged to the 
interceptor. This continued until the 
experiment was terminated. A railroad 
strike during the winter interfered 
with coal mixes at the coke plant and 
necessitated changes in coking time 
from 17 to 24 hr., along with tempera- 
ture changes. In one month this caused 
the load to vary daily from a low of 
20 Ib. to a high of 1,530 lb. (Table 
Il). These fluctuations did not affect 
the efficiency of the treatment process 
or the efficiency of the oxidation of 
phenol. 

The highest concentration of phenol 
in the raw sewage was 12.3 p.p.m. 
This happened to come on the last day 
of the run. The final effluent that day 
showed no phenol. The fact that no 
phenol registered in the final effluent 
was not as important as the fact that 
the results all the way through were 
consistently low. A phenol content of 
3) p.p.b. is equivalent to 1 lb. of phenol 
in the final effluent, with a flow of 24 
m.g.d. On only 23 days of the experi- 
ment was a reading of 5 p.p.b. or 
more registered. 

There were five days in which the 
final results were out of line with all 
others. The first was on December 2, 
1950, when a heavy thaw and runoff 
increased the pumpage to 28.12 m.g. 
This required the operation of a sec- 
ond raw sewage pump for 12 hr., which 
reduced the detention period in the 
aerators to approximately 3.3 hr. dur- 
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ing that time. The final effluent car- 
ried a total of 1.8 lb. of phenol for 
this date, although loading at this 
time was only 414 lb. of phenol in the 
raw sewage. The short detention pe- 
riod in the aerators was responsible 
for this result. On December 4, the 
final effluent showed 1.7 lb. with a flow 
of only 19 m.g.d. The mixed liquor 
solids were out of balance on account 
of the high rate of pumpage on De- 
cember 2; the total mixed liquor solids 
being only 473 p.p.m. explains the 
amount of phenol getting through the 
plant. 

On January 3, 1951, the final effluent 
showed 17 p.p.b., with 2.6 lb. of phe- 
nol in the final effluent. The flow was 
low (19.23 m.g.) and all operating 
conditions were apparently normal. No 
reason was apparent for the high phe- 
nol result. Thawing on January 10, 
1951, again required a second pump in 
service for 9.5 hr., with pumpage of 
27.00 m.g. The short aeration period 


for this time again gave a high phenol 


content of 3.8 lb. in the final effluent, 
with a loading of 994 lb. of phenol. 
This demonstrated again the impor- 
tance of an adequate detention period. 
On January 11, 1951, with less than 
1 p.p.m. of D.O. at the end of aeration, 
the final effluent carried 1.60 Ib. of 
phenol. Lack of D.O. was apparently 
all that was out of line on this date 
and indicated oxygen deficiency. Un- 
dertreatment probably gave the result 
shown. 

The preceding data appear to be 
repetitive, but the information is given 
in detail because of its importance. 
With a combined sewer system, flows 
at any treatment plant will have a 
wide range from low to high, which 
interferes with the treatment process. 
This makes it impossible to produce 
at all times the high quality effluent 
desirable when treating an industrial 
waste that should be destroyed practi- 
cally 100 per cent. 

The total amount of phenol received 
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at the plant during the period of test 
was 145,034 lb. Of this total, 83 lb. 
passed through the plant for an aver- 
age of 0.44 lb. per day, or approxi- 
mately 3 p.p.b. The reduction accom- 
plished was 99.94 per cent. 

Phenol determinations were made 
using the technique of the 4-aminoanti- 
pyrene test as described by Ettinger 
and Kroner (9). 


Nitrogen Determinations 


Nitrogen determinations were run 
on raw and clarified sewages and the 
final effluent. Analyses were made for 
organic, ammonia, nitrite, and nitrate 
nitrogen. Ordinarily these are not run 
on raw and elarified sewages, except 
possibly in special cases where re- 
search work may be necessary. In 
order to have a complete picture of the 
process before and during the test, 
these were made daily for about two 
weeks before and until December 14. 
There was so little difference shown in 
the results that after this date they 
were run once a week, moving up one 
day each week. 

At no time has there been overtreat- 
ment at Gary. Nitrates in the final 
effluent have always ranged from about 
0.06 to 0.15 p.p.m. With exceptions of 
a few maximums up to 0.24 and 0.36 
and one of 0.60 p.p.m., averages 
throughout the experiment stayed 
within previous limits (Table V). Fi- 
nal B.O.D. determinations have never 
been hampered by high nitrate content. 

Organic and ammonia nitrogen 
showed very little variation from past 
records. Single maximums were some- 
what higher, but averages for the en- 
tire period showed no marked change 
from previous data. Averages for or- 
ganic nitrogen over the entire period 
were 14, 10, and 4 p.p.m. in the raw, 
clarified, and final effluent, respectively. 
Corresponding ammonia nitrogen aver- 
ages were 14, 13, and 14 p.p.m. The 
changes were less than had been an- 
ticipated. 
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TABLE V.—Nitrogen Determinations', October, 1950, through April, 1951 


Nitrogen (p.p.m.) 


Month 
(1950-51 


Clarified Sewage Final Effluent 


NH; NHs 


7.0 


14.8 
20.7 
7.0 


16.2 
22.4 


10.9 | 8.0 


17.4 
19.6 
16.0 


19.3 
24.0 
10.0 


13.9 
17.6 
10.4 


14.0 
18.0 
10.1 


11.9 
14.6 
8.7 


10.0 
16.0 
6.0 


12.0 
16.0 
6.0 


12.0 
16.0 
4.0 


1 Monthly averages. 


Functioning of the Activated 
Sludge Process 


During the progress of the experi- 
ment certain changes were made in 
the various parts of the activated 
sludge process (see Table IV). These 
included an increase in air blown, 
higher concentration of solids in the 
mixed liquor and return sludge, and 
an increased rate of return. None of 
these changes were made suddenly ex- 
cept that of return sludge, when, on 
February 1, 1951, a third pump was 


placed in operation, which was then 
operated continuously with the other 
two pumps until the end of the experi- 
ment. 

Air Requirements 


Air, at the beginning of the test, 
was being supplied at between 9,000,- 
000 and 10,000,000 cu. ft. per day. 
This was at an average rate of 0.47 
cu. ft. of air per gallon of sewage. 
(Cubic feet of air per gallon of sewage 
is not a good unit to use in comparing 
the performances of activated sludge 


: 
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Org. NH; | NO, NOs | Org. NO; NO: 
Oct. 
Av. 15.0 | 10.9 | 0.03 | 0.10 | 11.2 0.03 | 0.11 | 5.9 0.16 | 0.11 = 
Max. 21.3 | 16.0 | 0.10 | 0.60 | 16.2 0.10 | 0.60 | 9.0 0.50 | 0.60 ; 
Min. 10.6 4.0 | 0.01 | 0.06 8.7 0.01 | 0.06 | 4.2 0 0.06 : 
Nov. i 
Av. 11.9 | 12.3 | 0.07 | 0.08 9.5 | 12.8 | 0.05 | 0.07 | 4.5 11.9 | 0.10 | 0.07 : a 
Max. 18.5 | 18.0 | 0.40 | 0.16 | 15.7 | 18.0 | 0.30 | 0.16 | 10.6 18.0 | 0.40 | 0.14 ‘ 
Min. |_| 6.0 | 0.01 | 0.06 5.3 6.0 | 0.01 | 0.06 | 2.0 6.0 | 0.03 | 0.06 ; 
Dee. 
Av. 16.8 | 0.18 | 0.12 8.7 | 16.1 | 0.17 | 0.09 | 3.2 15.7 | 0.16 | 0.08 : ; : bli 
Max. 28.0 | 0.30 | 0.26 | 10.6 | 24.0 | 0.28 | 0.16 | 3.6 | 22.0 | 0.40 | 0.18 : ‘ + 
‘ Min. 8.0 | 0.10 | 0.08 5.3 | 10.0 | 0.01 | 0.06 | 2.5 8.0 | 0.05 | 0.04 ; : f 
Jan. 
Av. || 17.3 | 0.23 | 0.20 |} 11.0 | 17.3 | 0.19 | 0.22 | 3.8 | 17.6 | 0.15 | 0.14 ; : 
Max. 28.0 | 0.35 | 0.50 | 14.3 | 26.0 | 0.31 | 0.40 | 5.3 | 28.0 | 0.35 | 0.36 i 
Min. 0.10 | 0.12 9.1 8.0 | 0.07 | 0.10 | 2.5 8.0 | 0.03 | 0.06 ; 5 
Feb. 
Av. 0.56 | 0.15 | 26.4 | 22.0 | 0.60 | 0.13 | 4.1 21.3 | 0.53 | 0.09 i “e 
Max. | 0.70 | 0.24 | 37.2 | 30.0 | 0.85 | 0.20 | 5.0 | 30.0 | 0.75 | 0.12 : ° 
; Min. 0.48 | 0.10 | 11.8} 12.0 | 0.40 | 0.10} 3.1 10.1 | 0.15 | 0.06 i - 
Mar. 
‘ Av. 0.29 | 0.14 | 10.8 | 12.0 | 0.29 | 0.14 | 4.6 16.0 | 0.21 | 0.15 : ! 
a Max. 0.38 | 0.16 | 12.9 | 16.0 | 0.45 | 0.16 | 6.4 18.0 | 0.25 | 0.24 ; : 
Min. 0.15 | 0.12 9.8 | 10.0 | 0.13 | 0.12 | 3.1 12.0 | 0.18 | 0.08 : : 
Apr. ; | 
os Av. 0.06 | 0.10 | 8.75 | 10.0 | 0.06 | 0.10 | 4.12) 14.0 | 0.06 | 0.09 4 ; 
ne Max. 0.18 | 0.16 | 10.6 | 12.0 | 0.15 | 0.12 | 4.5 16.0 | 0.13 | 0.12 * : 
Min. 0 0.06 7.6 6.0 | 0 0.06 | 3.6 | 12.0) 0 0.08 
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plants, but it is a handy tool around 
a single plant. Cubic feet of air per 
pound of B.O.D. reduced is the unit 
ordinarily employed in making com- 
parisons. ) 

On and after November 2, 1950, a 
second blower was operated for several 
hours per day whenever possible, the 
length of time being governed by the 
D.O. at the end of aeration. It was not 
always possible to operate this blower 
every day because of high backpressure 
on the blower system. Periods of high 
relative humidity always cause a rapid 
rise in pressure when diffuser tubes 
are partially clogged. With pressure 
above normal with one blower in oper- 
ation, it is impossible to place a sec- 
ond blower on the line. 

A D.O. of 3 p.p.m. at the end of 
aeration was desired. Although this 
was maintained throughout the test, 
as shown in Table IV, except for Oc- 
tober and November, there were short 
periods when the D.O. was below 2 
p.p.m. and one period of below 1 
p.p.m. The amount of air supplied, 
as shown in Table IV, indicates a 
minimum use. Slightly more air 
would have been used if atmospheric 
conditions had permitted. In January, 
aerators 1 to 4 had clean tubes in- 
stalled to ensure an adequate air sup- 
ply until the experiment was com- 
pleted. Ordinarily tubes are not 
changed at this time of the year be- 
cause of the hazardous working condi- 
tions from ice forming on the floor of 
the aerators when drained. 

It will be noted from Table IV that 
in February, the month of highest 
B.O.D. in the clarified sewage, the D.O. 
at the end of aeration was the highest 
for any month. There was only a slight 
increase in air over the previous month. 
The reason for this higher D.O. (also 
in January) was better distribution of 
air throughout the length of the four 
aerators where clean tubes had been 
installed. Clogging occurs in great 
part at the head end of the aerators, 
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where return sludge mixes with the 
clarified sewage and mixed _ liquor. 
From one-fourth to one-third the length 
of the aerators may have a sluggish 
roll, where tubes are partially 


clogged, so that the computed aeration 
detention period does not give a true 
picture of actual conditions. Only with 
all tubes clean does the theoretical de- 
tention period agree with the actual 
period. 


Solids Concentrations 


At the start of the test the mixed 
liquor solids content was about 1,100 
p.p.m. By January, this concentration 
had been raised so that the average 
for that month was 3,035 p.p.m. As 
the ammonia waste load increased 
(Tables II and III), higher mixed 
liquor concentration followed (Table 
IV). Return sludge solids naturally 
increased with higher mixed liquor 
concentration. Initially, return sludge 
averaged about 4,300 p.p.m. and 
reached a high level in February, with 
13,426 p.p.m. when mixed liquor sol- 
ids was 3,547 p.p.m. Following Feb- 
ruary, which was the month of highest 
loading, solids were decreased so that 
in April they averaged 2,430 and 
9,529 p.p.m., respectively. The last 
five days of April showed ranges in 
mixed liquor solids of from 1,778 to 
2,010 p.p.m., with return sludge solids 
of 7,520 to 8,812 p.p.m. 

It was intended originally to hold sol- 
ids at 3,000 p.p.m. With the high or- 
ganie loading in February, and with 
the higher concentration producing a 
very satisfactory 5-day B.O.D. in the 
final effluent, 3,547 p.p.m. was main- 
tained with an average of 6 p.p.m. 5- 
day B.O.D. in the final effluent, and 
with a range of 3 to 11 p.p.m. for the 
month. Working with high concentra- 
tions of solids, wasting had to be 
scheduled carefully to prevent solids 
building up to excessive levels. It was 
noticed that at these levels, solids be- 
get solids, and quite rapidly. 
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Return Sludge Rate Changes 


Rate of return sludge has always 

been maintained at a high level at 
tary. When the plant was placed in 
operation in August, 1940, sludge re- 
turn at 25 per cent was tried. In a 
short time septic conditions devel- 
oped in the return sludge and the rate 
was increased. For the first 10 months 
of 1950, the average rate of return 
was 35.9 per cent. This rate was main- 
tained by operating two out of three 
return sludge pumps available. These 
pumps were operated continuously and 
any changes in the percentage rate 
were caused by variations in the sew- 
age flow. 

To produce a good final effluent with 
the activated sludge process, aerobic 
conditions must be maintained through- 
out the secondary process. This is ac- 
complished by supplying air in such 
quantities that a satisfactory D.O. is 
maintained at the end of aeration, plus 
a rate of return that will permit the 
return sludge to enter the aerators be- 
fore septic conditions have had time 
to develop. The sludge mixture has 
an extremely high oxygen demand and 
the supply ceases as soon as the mixed 
liquor flows over the weirs of the aera- 
tion basins. It is obvious that the 
quicker the sludge can be returned to 
the aerators, the less chance there is 
of deterioration due to lack of oxygen. 
The D.O. of return sludge in overflow 
manholes at the secondary clarifiers 
ranges from 1.2 to 3.6 p.p.m. Time of 
flow from manholes to aerators is from 
2 to 2.5 min. 

Sludge return uses relatively little 
power, as it is a low-head pumping op- 
eration. The power requirement (min- 
imum) for Gary air supply is one 300- 
hp. gas engine driving a 7,000-cu. ft. 
blower; just above minimum require- 
ments may necessitate an additional 
unit for 2 hr. per day. Motors for the 
three return sludge pumps total 60 
hp., divided into 15-, 20-, and 25-hp. 
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units. Only two of these are operated 
under average sewage load conditions. 
If either additional air or return 
sludge capacity is needed, it has been 
found at times that it is more economi- 
eal to run a 15- or 20-hp. motor for 24 
hr. than to run a second blower unit 
for 2hr. It has been demonstrated that 
with three return sludge pumps in op- 
eration (third unit placed in service), 
a better final effluent can be produced 
than by operating a second blower part 
time. 

About February 1, 1951, sludge be- 
gan to build up on the floor of the 
secondary clarifiers. (Table IV indi- 
eates mixed liquor and return sludge 
solids at the highest level in Febru- 
ary.) Soundings taken three times 
daily normally show 6 in. of sludge 
at the center baffles of the 75-ft. 
square final clarifiers, less than 6 in. at 
the quarter point, and the same at the 
outer walls. Soundings are taken by 
conventional sounding rods with 6-oz. 
bottles mounted front and back at 6- 
in. intervals. About this date sound- 
ings showed a build-up to 12 in., and 
in one case to 18 in., at the center. This 
showed that the rate of return was too 
low and a third unit was placed in 
operation on February 1 to bring the 
sludge blanket down to normal level. 
All three return sludge pumps were 
then operated continuously until the 
end of the experiment, when one unit 
was shut down. During the summer 
months (1951) clogged tubes again in- 
terfered with aeration and the third 
pump was again placed in operation. 
This cleared up a cloudy final effluent. 
At this time it was impossible to op- 
erate a second blower because of high 
backpressure. When cleaned tubes had 
been installed in six aerators, the extra 
unit was again shut down. 


Load Changes on Treatment Process 
During Experiment 


Table VI shows the average daily 5- 
day B.O.D. loading in the clarified sew- 
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TABLE VI.—5-Day B.O.D. in Clarified 
Sewage, Average Daily Loading 
October, 1950, through April, 1951 


| B.O.D. Loading 


Air per r. Eff 
It 


Ae a... 
Lb, B.O.D. 
B.O.D. |Dig. per Lb. 
(Ib. /day /eu.| Removed! O2 Blown 
ft. aer. cap.)| (cu. ft.) (%) 


Month 
(1950-51) | 
Ib. /day 


October 
November 
December 
January 
February 
March 
April 


13,676 


Ne 


won 
SO 


age. The total for October can be 
taken as a base, because this checks 
quite closely with the load of the pre- 
vious October and succeeding months 
showed only normal variation. 

The heaviest organic loading in the 
clarified sewage occurred during the 
month of February. This resulted from 
a combination of two factors—stop- 
pages in the sludge hoppers and raw 
sludge suction lines caused a greater 
depth of raw sludge than usual to be 
held in storage in the primary clari- 
fiers, plus the increased load of the 
ammonia wastes. The high level of 
sludge in the primary clarifiers caused 
the clarified sewage to carry more sus- 
pended solids than usual, almost three 
times the normal amount. Clearing up 
stoppages covered the period from 
February 23 to March 11, after which 
no difficulty was experienced in pump- 
ing raw sludge. It will be noted (Table 
IV) that there was a drop in clarified 
suspended solids and 5-day B.O.D. in 
March and also in April. 

The Gary plant was designed for 
170,000 population loading with 10 
aerators in service. Assuming a 35 per 
cent reduction of 5-day B.O.D. in the 
primary clarifiers, this would give ap- 
proximately 110,000 equivalent popu- 
lation loading for the secondary proc- 
ess. Equivalent population loading 
from February clarified sewage was 
164,000, with only six aerators in serv- 
ice. This gave a loading in terms of 
pounds of 5-day B.O.D. per 1,000 cu. 
ft. of aerator capacity much higher 
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than usual, amounting to 34.8 lb. This 
previously had reached 22 lb. only, and 
the average for the year 1950 was 17.5 
lb. Increased loadings may be obtained 
through cutting down on aeration ¢ea- 
pacity by reducing the number of aera- 
tors in service. If this is done, how- 
ever, the aeration period may be de- 
creased to where the quality of the 
final effluent is degraded and the oper- 
ator will find that a better effluent can 
be produced with a lighter loading and 
lower aeration efficiency. 

There is no reason why loads of 35 
lb. or more of 5-day B.O.D. per 1,000 
cu. ft. of aeration capacity cannot be 
used, provided adequate air supply is 
available and a high rate of sludge re- 
turn is included in the plant design. 
It is interesting to note that the ‘‘Ten- 
tative Standards for Sewage Works,’’ 
compiled by the Upper Mississippi 
River Board of Public Health Engi- 
neers and the Great Lakes Board of 
Public Health Engineers (Jan., 1951) 
specify that ‘‘tank volume shall have 
30 cu. ft. per lb. of 5-day B.O.D. in the 
aerator inlet.’’ This is equivalent’ to 
33 Ib. per 1,000 cu. ft. of aerator ca- 
pacity. 

During February, daily loadings in 
the clarified sewage ranged from a low 
of 9,000 lb. to a high of 99,600 Ib. At 
no time during the experiment were 
shock loadings experienced with either 
high alkalinity or acidity. Once the 
flow of the waste (pH 9.6 to 12.7, with 
average of 11.5) was started, an alka- 
line stability was established in the 
raw and clarified sewages. 

The maximum load of 99,600 lb. oc- 
curred on February 3, 1951. This was 
caused by a heavy carryover of a mix- 
ture of primary and secondary solids 
from the primary clarifiers during a 
wasting period of 5 hr. Ordinarily, 
wasting was for 2 or 3 hr. with one of 
the return sludge pumps shut down. 
This was to decrease the rate of waste 
sludge into the primary clarifiers and 
to prevent an excessive carryover. On 
this date wasting for 5 hr. was sched- 
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uled and the outside operator failed to 
shut down one of the pumps. This 
gave a carryover which showed 1,296 
p.p.m. in the composite clarified sam- 
ple, so during the wasting period it 
must have been much higher. The 
B.O.D. composite showed 539 p.p.m. 
Expressed in pounds of 5-day B.O.D. 
loading this was 99,667 lb., with an 
equivalent population load of 585,000. 
The loading on the aerators was 124 
Ib. B.O.D. per 1,000 eu. ft. of aerator 
capacity and the air per pound of 
B.O.D. reduced amounted to 124 cu. 
ft. These two figures happen to be in 
empirical agreement, which is of no 
significance. 

The total of this load was not known 
for five days, but on the following day 
the clarified cone had about 8 in. of 
solids after settling, whereas ordi- 
narily this is only about 1 in. Wasting 
was started at once and maintained on 
a correct routine so that the solids in 
the aerators were brought down to a 
normal content. This heavy load was 
not reflected by a poor final effluent. 
Suspended solids in the final effluent 
were 11 p.p.m. on the preceding day, 
rose to 20 p.p.m. on the day of heavy 
loading, and on the succeeding day 
were down to 10 p.p.m. The final efflu- 
ent 5-day B.O.D. was 7, 6, and 5 p.p.m. 
for the three days. The sludge index 
showed the greatest variation, being 
119, 252, and 121 for the corresponding 
days. 

This loading may be called a false 
loading, in that it originated in the 
process itself and is one that would 
not ordinarily occur. It may also be 
stated that the carryover was primed 
or seeded for the biological process, as 
it carried large quantities of second- 
ary sludge, which had the same pH 
as the secondary process. Granting all 
this, the analyses showed that there 
was a heavy loading of organic material 
which required treatment. It is fur- 
ther agreed that if the attempt was 
made to operate on this level for any 
length of time, with the small amount 
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of air supplied, the previous normal 
operation of the process would be up- 
set. 

The results of this day’s operation 
indicated, however, that in buffering 
the plant for the loading from the 
ammonia wastes, the solids concentra- 
tion in the mixed liquor was higher 
than required. Also, that there was 
considerable reserve capacity at 3,500 
p.p.m. in the mixed liquor present that 
day. It was concluded that if at some 
future time the treatment of ammonia 
wastes was undertaken as a regular 
treatment routine, the concentration of 
solids in the mixed liquor would be 
built up at a slightly lower rate than 
was employed in the experiment. 


Aeration Efficiencies 


Also shown in Table VI is the amount 
of air supplied per pound of 5-day 
B.O.D. reduced and the aeration effi- 
ciency, which is pounds of 5-day B.O.D. 
reduced per pound of oxygen blown 
(not corrected to standard conditions). 
It will be noted that with the excep- 
tion of November, heavier aerator load- 
ings required less air per pound of 
5-day B.O.D. reduced. Table VI shows 
that with increased aerator loadings 
higher aeration efficiency may be ob- 
tained. 

Since daily organic loadings on the 
secondary process are beyond the con- 
trol of the operator, oxygen utilization 
efficiency is likewise beyond his control. 
He may have worked out an efficient 
operating routine as regards concen- 
tration of mixed liquor solids, amount 
of air blown, and rate of sludge re- 
turn, and produce a highly polished 
effluent. The efficiency, however, is go- 
ing to vary from day to day: with an 
increased load and with the same 
amount of air, it will rise; with a de- 
crease in load, it will decline. 


Effect of Wastes on Treatment 
Process 


No one could predict how the proc- 
ess would react to the treatment of am- 
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monia wastes. Changes were expected 
and the aerators, final clarifiers, and 
final effluent were closely watched. An- 
alytical results were checked by visual 
inspection of the aerators and final 
clarifiers, and although at times results 
would indicate a satisfactory effluent, 
the appearance of the effluent would 
indicate some changes were needed. 
Most frequently noticed was a cloudy 
effluent which tested low in suspended 
solids. However, this cloudiness usu- 
ally indicated undertreatment from an 
air supply viewpoint. A slight amount 
of air added at various times proved 
this was what was needed in a major- 
ity of cases. 


Mixed Liquor and Sludge Index 


The mixed liquor gradually lost its 
brown color as the load increased and 
assumed a grayish cast. At no time 
did the mixed liquor have as bright a 
color, if that word can be used, while 
treating the ammonia wastes, as when 
treating a typical domestic sewage. 
Yet, despite this drab appearance, the 
B.O.D. in the final effluent was con- 
sistently good. Sludge index records 
indicate that for about two months ad- 
justments were being made in the treat- 
ment process to find a good operational 
routine. Monthly averages of sludge 
indices for the 6-month period, Novem- 
ber to April, were as follows: 


Sludge Index 


Month Av. Max. Min, 
November 224 398 105 
December 180 312 87 
January 100 282 41 
February 83 252 37 
March 84 249 65 
April 140 369 81 
During the first two months the 


solids concentration was being built up, 
so that by December 20, 3,000 p.p.m. 
had been reached. This level was main- 
tained or slightly exceeded until about 
the middle of April, when the solids 
were gradually reduced until the waste 
was shut off. Air supply was from one 
and two blowers each day when pos- 
sible. After February 1, when a third 
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return sludge pump was placed in op- 
eration, the index more or less stabil- 
ized, with fewer peaks than in the pre- 
vious months. From March 1 to 17, 
inclusive, the sludge index varied only 
between 64 and 80, with ranges in load- 
ing from 9,000 to 48,000 lb. of 5-day 
B.O.D. in the clarified sewage and with 
mixed liquor concentrations of from 
2,456 to 4,114 p.p.m. It will be noted 
that the greatest variable during this 
period was in the loading, which had 
a range from low to high of approxi- 
mately 500 per cent. 

The treatment process was quite 
sensitive as regards daily sludge index 
variations. High loads cannot be de- 
termined until five days after they 
have occurred. Therefore, daily 
changes in air supply cannot be made 
to follow changes of load. At times of 
high loading, with one blower in serv- 
ice, or if a second blower happened to 
be in operation, the sludge index might 
vary overnight from around 100 to 
300. When this occurred and the in- 
dex of the previous day was computed, 
the sludge index could be brought 
back to normal if extra air could be 
supplied. High sludge index did not 
always mean high suspended solids in 
the final effluent, as shown by the fol- 
lowing results at various times: 


Susp. Sol. 
Sludge in Fin. Effi, 
Index (p.p.m.) 
181 3 
199 6 
392 7 
312 6 
382 21 
342 20 
123 23 


Pumpage rate probably had more ef- 
fect on the suspended solids content of 
the final effluent than any other factor. 
On one day of high pumpage the sludge 
index was 41 and the suspended solids 
concentration in final effluent was 28 
p.p.m. 
Secondary Clarifiers 


Most of the time when treating do- 
mestic sewage only, the secondary clari- 
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fiers are clear and the raking mechan- 
isms can be seen. About two weeks 
after the experiment started, a light 
solids blanket had risen to about 4 in. 
below the water surface. This left a 
clear zone over the top of each sec- 
ondary clarifier and final effluent was 
skimmed out of this zone over the 
saw toothed weirs. This blanket held 
stationary throughout the experiment 
and never lifted so that a high solids 
content appeared in the final effluent. 
Two weeks after the waste was shut 
off the rakes were again visible. This 
was on May 13, and they had not been 
seen since the previous November. 


Gas Production 


Although treatment of waste did not 
inhibit the aerobic process, it did cause 
a drop in gas production. In Novem- 
ber, a month of light loading of am- 
monia wastes, the gas production in- 
ereased about 20,000 cu. ft. per day 
over October. This was quite en- 
couraging and it was thought that pos- 
sibly the alkaline waste would tend to 
raise gas production. Through Decem- 
ber, and up to and including March, 
each succeeding month showed a de- 
crease. April showed some recovery, 
but not back to normal. With the 
waste cut off at the end of April and 
the contents of the digesters being 
gradually displaced with raw sludge 
containing no waste, gas production 
started to increase. May and June 
both showed increases and apparently 
conditions were back to normal in the 
multi-digestion system. Total gas pro- 
duction for the 6-month period from 
November to April, over the past seven 
years showed the 1950-51 period ranked 
sixth. 

Digestion was irregular with the 
waste present. There were periods 


when gas production decreased for a 
week or two, followed by a recovery 
period. This was repeated several times 
from January to April, inclusive, dur- 
ing the period of heavier loadings of 
waste. 


Recirculation and agitation 
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were tried to overcome this. handicap, 
but apparently had no effect. This 
adds to the cost of treatment. There 
is the loss of gas, plus the increased 
amount of gas required to furnish ad- 
ditional air needed for the increase in 
loading from the waste. 


Summary 


It has been demonstrated that am- 
monia wastes containing up to 12.3 
p.p.m. of phenol, in terms of sewage 
flow, can be treated successfully by 
the activated sludge process at Gary. 
with the waste having a composition 
as noted in Table I. It has aiso been 
demonstrated that the anaerobic proc- 
ess is inhibited by the waste that is 
pumped to the digesters with the raw 
sludge, resulting in a decrease in gas 
production. 


Conclusions 


Conclusions drawn from the experi- 
ments described herein are as follows: 


1. Phenol in the ammonia still waste, 
in terms of sewage flow, could be 
treated in concentrations up to 25 
p.p.m. and with approximately 100 per 
cent effectiveness, providing there was 
no excessive build-up in concentration 
of some other toxic substance that 
might inhibit the aerobic process. 

2. Solids concentration in the mixed 
liquor must be increased to take care 
of the increased load. 

3. Extra air must be supplied be- 
cause of the additional organic load 
imposed on the treatment process. 

4. A higher rate of sludge return is 
required if air requirements are to be 
kept to a minimum. 

5. Complete destruction of phenol 
eannot be effected with the aeration 
period greatly reduced. 
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DISCUSSION 


By S. 


Research and Development Engineer, Waste Disposal, The Dow Chemical Co., 
Midland, Mich. 


Mr. Mathews has presented a very 
comprehensive and significant paper. 
To some of us in industry, however, its 
greatest significance is not in the tech- 
nical data revealed, but in the fact of 
cooperative endeavor on the part of a 
city and one of its industries toward 
the solution of a local, but also wide- 
spread, problem. 

He has shown that the Gary mu- 
nicipal sewage plant can treat ammonia 
still wastes very successfully. The ques- 
tions remaining are: ‘‘Will such a 
project be undertaken?’’; ‘‘If so, 
when?’’; “‘If not, why not?’’; and 
‘* What action is to be taken?”’ 

Successful pollution control nation- 
ally is going to call for a great deal 
more of this type of cooperation be- 


tween municipalities and their indus- 
tries. 

To those engaged in large-scale de- 
struction of phenol, there seems to have 
been a considerable lack of interest in, 
or perhaps understanding of, the bio- 
logical oxidation of phenol. This large- 
scale experiment is, therefore, an en- 
couraging sign, as is also the interest- 
ing laboratory work of A. Henderson, 
of the MHydrotechnie Corporation. 
Such work will no doubt give weleome 
assistance to those who may be con- 
fronted with similar waste treatment 
problems. 

It should be emphasized that biologi- 
eal oxidation of phenol is accomplished 
quite easily with ordinary soil bacteria 
and does not require a specially devel- 
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oped culture as some people have been 
led to believe. It has been found that 
phenol is one of the most readily oxi- 
dized organic compounds. With well- 
seeded dilution water, the 5-day B.O.D. 
of phenol will be very close to the 
theoretical 2.38 p.p.m. per part of phe- 
nol. This can be confirmed by an oxy- 
gen consumed test, although any test 
which does not completely destroy phe- 
nol is of limited value. For treatment 
of phenolic wastes, it is believed ad- 
visable to design a plant on the basis 
of complete. oxidation. 

Mr. Mathews’ paper does not diseuss 
the preservation of samples for analy- 
sis, and it can only be presumed that 
the determinations made were accurate. 
It should be pointed out that, in work- 
ing with wastes of this type, special 
precautions must be taken to inhibit 
bacterial oxidation in stored samples 
in order to prevent erroneous results. 
Spot samples taken through the treat- 
ment plant, incidentally, are an excel- 
lent check on results of composite sam- 
ples. 

With two or three exceptions, the 
writer is in general agreement with 
Mr. Mathews’ conclusions. Specifically, 
exception would be taken with regard 
to his conclusions on solids build-up, 
effects on gas production, and air re- 
quirements. 

Considering the Gary experiment as 
a whole, it is believed that a misjudg- 
ment was made in apparently pre-sup- 
posing that certain modifications in 
process would be necessary in handling 
the ammonia still wastes. Because cer- 
tain modifications were made before 
any phenolic wastes were received and 
continued throughout the experiment, 
it has still not been proven whether or 
not the plant could handle these wastes 
in normal operation. Nor has the ex- 
periment shown the degree to which 
modifications, if any, are needed. 

Specifically, it might be noted that 
the plant was evidently prepared for 
the still wastes by increasing the con- 
centration of solids in the aeration 
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tanks substantially above normal. 
Had the plant been left in normal op- 
eration instead, then the quality of the 
effluent in terms of phenol would have 
indicated if and when more solids were 
needed and a determination of the 
amount needed could then have been 
made. Samples taken through the 
aeration tanks would have demon- 
strated how and where the phenol dis- 
appeared in the process. Also, it is 
quite probable that 90 per cent of the 
phenol was oxidized in less than 30 
min. 

As a matter of fact, the writer be- 
lieves that no build-up of solids was 
necessary; that the normal concentra- 
tion was ample to handle the addi- 
tional wastes satisfactorily. This view 
would seem to be supported by the 
fact that, although the daily loadings 
of phenol varied widely, the phenolic 
content of the effluent was consistently 
low. It seems to be supported, also, 
by the experience reported on Decem- 
ber 4, when the solids concentration 
was out of balance. Solids were only 
473 p.p.m., whereas they were appar- 
ently being carried at an average of 
about 2,500 p.p.m. 

On that day, it was noted that 1.7 
lb. of phenol, or about triple the usual 
amount, was discharged in the effluent. 
On the face of it, this might appear to 
be a’ tremendous drop in efficiency. 
However, if looked at from the view- 
point of phenol destroyed, it becomes 
quite another matter. The average 
daily phenol input for December was 
432 Ib. If December 4 can be assumed 
to have been ‘‘average,’’ then the plant 
on that day removed 430.3 lb. of phe- 
nol, even though the mixed liquor sol- 
ids were less than one-fifth of their 
average concentration for the month. 
In other words, the drop in efficiency 
was actually very slight. 

The results of the Gary experiment 
showed a decrease in gas production 
during treatment of the still wastes. 
However, this might have been due to 
garbage or other factors, such as sul- 
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fates or detergents. Since it is known 
that phenol undergoes complete de- 
struction under anaerobic conditions, 
there is no justification for such a 
conclusion in view of the lack of con- 
elusive supporting data. 

Mr. Mathews made an interesting 
statement when he said that loadings 
of 35 lb. of B.O.D. per 1,000 cu. ft. of 
aeration capacity could be used. The 
writer is of the same opinion, but the 
loading depends on the rate at which 
the waste can be oxidized. In the ex- 
periment at Gary, the period of high- 
est loading in terms of pounds of 
B.O.D. per 1,000 cu. ft. of aerator ca- 
pacity was also the period of highest 
suspended solids in the clarified sew- 
age. This is very significant and should 
not be falsely interpreted to mean that 
an equivalent loading in true solution 
could be oxidized, unless the rate of 
oxidation was the same as the previous 
rate of removal. If the loading were 
expressed as pounds of B.O.D. oxi- 
dized per 1,000 cu. ft. of aerator ca- 


pacity per hour of aeration, it would 
take into account the rate of oxida- 


tion. The day of so-called false load- 
ing mentioned by Mr. Mathews was in- 
deed a false loading, which was sub- 
sequently removed to the digesters. 

Mr. Mathews was very observing of 
his activated sludge process but ex- 
perience has shown that a ‘‘ poor-look- 
ing’’ activated sludge is not necessarily 
an indication of something wrong in 
the process. On the contrary, some of 
the best results have been obtained 
with gray, drab sludges. Also, cloudi- 
ness of the effluent could be the result 
of over-aeration, as well as under- 
aeration. 

The air requirements of a sewage 
activated sludge plant and an indus- 
trial wastes activated sludge plant can 
vary considerably. This is evidenced 
by the necessity of maintaining 3 
p.p.m. of dissolved oxygen at the end 
of aeration in the former, whereas in 
the latter, excellent operation and re- 
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sults can be obtained with less than 
0.5 p.p.m. of dissolved oxygen. As a 
further comparison of activated sludge 
plant information, the following data 
are presented from operating experi- 
ences at Midland. The activated sludge 
plant for treatment of phenolic wastes 
uses 4,000,000 cu. ft. of air per day in 
the treatment of 15 to 20 m.g.d. of 
waste. This is equivalent to 0.20 to 
0.25 cu. ft. of air per gallon of waste 
treated. With a waste flow of 16 
m.g.d., the aeration period is 80 min. 
based on the total flow through the 
aerators. Rate of sludge return is 35 
per cent. The suspended solids in the 
mixed liquor are maintained between 
1,000 and 1,500 p.p.m. with a sludge 
index of 50. The plant oxidizes 4 Ib. 
of 5-day B.O.D. per 1,000 cu. ft. of 
air. This is equivalent to 67 lb. of 5- 
day B.O.D. per 1,000 cu. ft. of aera- 
tion capacity, or 250 eu. ft. of air per 
pound of B.O.D. satisfied. The aera- 
tion efficiency (pounds oxygen demand 
satisfied per pound oxygen blown x 
100) varies from 16 to 22 per cent. 

It should be emphasized that the 
above data are in terms of B.O.D. 
satisfied, instead of removed, because 
the activated sludge process in sewage 
treatment is a method of removing 
B.O.D., but not a process of complete 
oxidation, as some of the load is trans- 
ferred, via the waste activated sludge, 
to the digesters for final destruction. 

The experiment at Gary demon- 
strated the feasibility of treating am- 
monia still wastes by the activated 
sludge process. However, the conclu- 
sions drawn by Mr. Mathews in regard 
to mixed liquor solids concentration 
and air requirements are open to ques- 
tion until definitely proven. In view 
of the experiences at Midland, the 
writer must disagree with him. How- 
ever, much can be learned from ex- 
periments in the laboratory, and it is 
hoped that Mr. Mathews can continue 
his good work and that all can share 
in his future findings. 
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INDUSTRIAL WASTE GUIDE—BEET SUGAR 


By Hayse H. Biack anp GeraLtp N. McDermorr 


Chief and Senior Assistant Sanitary Engineer, respectively, Industrial Wastes Section, 


In 1948, beet sugar was produced at 
85 plants operating in 16 states. Cali- 
fornia, Colorado, and Idaho were the 
three largest producers. A total of 
1,369,000 tons of beet sugar were pro- 
duced from 9,422,000 tons of beets, 
which represented 12.34 per cent of 
the world total. Liquid wastes from 
the beet sugar industry in the United 
States are conservatively estimated to 
have a population equivalent potential 
of 17,000,000, based on B.O.D. 


Description of Process 


The process for extracting and re- 
fining sugar from beets is basically the 
same in all beet sugar factories. In 
1946, there were 41 Steffen and 40 
straight house plants operating in the 
United States. Beet sugar manufac- 
ture is seasonal, as there is no practical 
method of storing beets for long pe- 
riods of time. The season begins as 
early as May 1 in the Imperial Valley 
(California), late July to September 
in other California areas and the North- 
west, and about October 1 east of the 
Rocky Mountains. The season lasts 60 
to 100 days. Operation is continuous 
throughout 24 hr. per day. The ca- 
pacities of beet sugar factories are 
measured in tons of beets processed per 
day, plants varying in capacity from 
1,000 to 5,900 tons. 


Standard Beet Sugar Manufacture 


The beets are dug and topped both 
by machine and by hand. In those 
areas where cold weather requires early 
harvesting, the beets are stored in open 
piles. They are hauled by truck or 


train to the factory as needed. Figure 
1 is a simplified flow diagram showing 
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basic operations of a beet sugar fac- 
tory. Both straight and Steffen house 
operations are included. 

Beets are conveyed from the railroad 
cars or the storage area to the plant 
by means of water flowing in flumes. 
Devices for removing remaining beet 
leaves, floating debris, sand and rocks, 
and a controller for evening out the 
flow of beets, operate along the flume. 
Transportation of the beets in water 
in this manner washes most of the sand 
and soil from them. The beets are 
discharged from the flume to a beet 
wheel, which elevates them to a washer. 
The water passes on through the wheel 
to the plant sewer or flume-water re- 
circulating system. 

The washers are vat-type rectangu- 
lar chambers, equipped with agitators. 
Fresh water is admitted and waste wa- 
ter released continuously. Some instal- 
lations provide a final spray wash of 
the beets on a conveyor following the 
washer. Washed beets at some fac- 
tories are passed over a picking table 
where spoiled beets and foreign ma- 
terial are removed by hand. Washer 
waste water is frequently passed 
through coarse screens to recover small 
pieces of beets and roots for stock 
food. 

The washed beets are elevated to a 
weighing apparatus. From the scales 
they fall to slicers, where they are 
pressed against sets of rotating knives, 
which cut them into long narrow rib- 
bons, V-shaped in cross-section, called 
““cossettes.’’ The cossettes are trans- 
ported on conveyor belts to the diffuser 
for extraction of sugar. 

Most plants are equipped with the 
cell-type battery, although some of the 


4 
: 
; 
- 


182 


MAIN PROCESSES 


SEWAGE AND INDUSTRIAL WASTES 


BY-PROOUCT & SUB PROCESSES 


February, 1952 


WASTES 


BEET STORAGE OR 
UNLOADING AREA 


PULP SCREEN 


Orained Oroined 


Pulp 


Pulp 


| PULP presses | 


} PULP SLO 


2 


PULP 
SILO ORAINAGE 
Or 
PULP 
PRESS WATER 


[Cre 22 


~ 


FILTERS 


LIME KILN 


FILTERS 


STEFFEN 
PROCESS TANKS 


| 


LIME CAKE 


TO MARKET IN 
STRAIGHT HOUSE 
OPERATION OR SHIPPED 
TO STEFFEN MOUSE 


BAROMETRIC 
CONDENSER WATER 


| MARKET | 


LEGENO 


MATERIALS FLOW LINE 
WAasTE FLOW LINE 


FIGURE 1.—Typical flow diagram of beet sugar factory. 


more modern plants employ continu- 
ous diffusers. The cell-type battery 
consists of a series of 10 to 14 vertical 
cylindrical steel tanks, each of which 
holds 3 to 7 tons of cossettes. Sugar 
is extracted by passing hot water 
through the cossettes, employing the 


eounterflow principle. These cells are 


connected by an intricate piping sys- 
tem so as to permit the diffusion liquor 
to pass progressively from one cell to 
the next in series. The cells are filled 
with cossettes in rotation and dumped 
of spent cossettes in similar sequence. 
Fresh battery supply water enters the 
cell containing cossettes which have 
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been longest in the system and from 
which, therefore, most of the sugar has 
been extracted. The water then passes 
progressively through cells which have 
been under diffusion shorter periods of 
time and leaves the battery after pass- 
ing through the cell which has been 
most recently filled with cossettes. 
Three cells are usually out of circula- 
tion for dumping and filling opera- 
tions. The liquid drawn from the dif- 
fusion battery is known as ‘‘raw 
juice.’’ It contains 10 to 13 per cent 
sugar and both soluble and insoluble 
non-sugars. 

Cells containing spent  cossettes 
(pulp) are isolated*from the circulat- 
ing system and the contents dumped 
through a quick-opening gate. The 
gate may be located either at the bot- 
tom center of the cell or on the side 
of the cell adjacent to the bottom. <Ad- 
hering pulp and that retained on cos- 
sette chain supports is flushed from 
the cell by battery wash water from a 
high-pressure hose. The side-dump 
type requires considerably more water 
for flushing than does the bottom-dump 
type. 

The pulp, water contained in the 
cell when it is dumped, and battery 
wash water are collected in a flume 
running the length of the battery. This 
pulp suspension is pumped over a 
screen, frequently of the ‘‘A-frame’’ 
type. <A large portion of the water 
drains from the pulp through the 
screen. 

This pulp constitutes high-grade 
stock food. At some factories the pulp 
is stored in the wet state (that is, as 
drained on the sereen) pending feed- 
ing. Wet pulp is stored in open pit 
silos provided with an underdrain sys- 
tem. At other factories, screened pulp 
is further dewatered in special presses 
and promptly dried to about 12 per 
cent moisture in rotary kilns, usually 
of the direct-heat or fire-drier type. 

Several types of continuous diffusers 
are in use, most of which have been 
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recently developed and perfected. Al- 
though the types differ considerably in 
design, all employ the principle of 
countercurrent flow by mechanically 
moving the cossettes in reverse direc- 
tion to the flow of diffusion liquor. In 
continuous diffuser operation the pulp 
is delivered from the diffuser in a 
drained state. At some factories water 
is deliberately added to the pulp from 
continuous diffusers in order to form 
a water suspension that can be pumped 
to the silo. Use of conveyor belts to 
transport drained pulp to presses or a 
silo obviates the need for screening, 
thus eliminating pulp screen water 
waste. 

The raw juice from the diffusion 
process is subjected to chemical treat- 
ment and filtration, which removes a 
large percentage of suspended matter 
and 30 to 40 per cent of the non-sugars. 
In straight house operation, milk of 
lime is added to the raw juice and 
carbon dioxide, produced in a lime 
kiln from limestone and coke, is bub- 
bled through the limed juice. In Stef- 
fen house operation, caleium saccharate, 
from the Steffen process described 
later, is added to the raw juice instead 
of milk of lime. The precipitate which 
forms when the juice is limed and ear- 
bonated is filtered or settled from the 
juice. The juice is carbonated a second 
time, refiltered, and then treated with 
sulfur dioxide gas and filtered a third 
time. The material removed by this 
process is known as lime cake. It is 
diluted with water and discharged as a 
slurry. 

The partially purified juice is concen- 
trated in multiple-effect evaporators 
and filtered again. Sugar is recovered 
by further evaporation of water in 
vacuum pans to the point where sugar 
crystals of the desired size have formed. 
The sugar crystals are separated from 
the liquid by centrifuging. The resid- 
ual syrup is further evaporated and 
centrifuged a second time, and finally 
a third time. Sugar from the second 
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and third crystallizations, being im- 
pure, is remelted and returned to the 
process for recovery in first erystalliza- 
tion. In straight house operation, the 
resulting molasses following third erys- 
tallization and centrifuging is shipped 
to a Steffen house for additional sugar 
recovery, or is marketed. The most 
important commercial uses of beet 
sugar molasses are yeast manufacture, 
aleohol production, and as stock food 
supplement. 

Beet sugar molasses normally run 
about 82 per cent dry solids, of which 
60 to 63 per cent are sugar. In other 
words, every pound of non-sugar which 
is not removed in either the diffusion 
or carbonation processes goes into mo- 
lasses and takes with it 1.5 lb. of sugar. 
The Steffen process is employed when 
the additional sugar recovered is of 
greater value than the molasses and 
the expense of recovery. 

In the Steffen process, molasses from 
the third centrifuging is diluted and 
lime is added under carefully con- 
trolled conditions. This lime treat- 
ment produces a calcium saccharate 
precipitate, which is removed from the 
dilute molasses by filtering. Some 
Steffen houses heat the cold filtrate to 
approximately 85° C., thereby pre- 
cipitating more calcium saccharate, and 
recover it with a second filtration. The 
filtrate is known as Steffen waste. The 
saccharate cake contains, in addition 
to sugar, both soluble and insoluble non- 
sugars. It is diluted to a saccharate 
milk and used for raw juice purification 
immediately prior to carbonation. 

Sugar returned in the saccharate 
eake is recovered by conventional 
straight house operation. Non-sugars 
returned to the process with the 
saccharate cake become increasingly 
concentrated in the molasses as the 
process continues. In order that these 
non-sugars do not interfere with eco- 
nomical sugar recovery, a portion, or 
cut, of the third centrifuge molasses is 
drawn off. Molasses produced at other 
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straight houses (foreign molasses) is 
processed by most Steffen houses as a 
means of alleviating the detrimental 
effect of accumulation of inseparable 
non-sugars. 

The third centrifuge molasses dis- 
card, essential in most Steffen houses, 
is usually marketed. However, it is 
possible to extract even more sugar as 
a barium saccharate. One barium ex- 
traction plant is in operation in the 
United States. The end liquor from 
this barium extraction plant is in- 
corporated with dried pulp for stock 
feed. 


Ion Exchange Process for Beet Juice 


Recent development of the organic or 
resinous type of ion exchangers pro- 
vides a means for increasing the ef- 
ficiency of removal of non-sugars from 
second carbonation beet juice prior to 
evaporation and crystallization (1). 
The end result is increased sugar yield, 
a substantially reduced molasses pro- 
duction, and a molasses that can be 
converted by further ion exchange 
treatment into an edible product (1) 
(2). 

The cation exchanger is a granular 
sulfonated phenol formaldehyde resin 
possessing the property of exchanging 
hydrogen ions present in its structure 
for cations (such as sodium, potassium, 
magnesium, and organic cat- 
ions) when in contact with solutions of 
these salts. The hydrogen ions replace 
the cations in the solution, forming the 
acids of the various anions. The anion 
exchanger, or acid adsorber, is a poly- 
amine phenol formaldehyde resin hav- 
ing the capacity to molecularly adsorb 
or possibly to exchange hydroxyl ions 
for the anions found in acid-bearing 
solutions (1). Consequently, when a 
sugar solution containing dissolved 
salts is passed through a bed of cation 
exchanger, then through a bed of acid 
adsorber resin, the resulting solution is 
essentially free of ionizable salts. 
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TABLE I.—Representative Values of Character and Volume of Beet Sugar Manufacturing Wastes 
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Flow, 

Waste Ton of 
(gal.) 
Flume water 2,600 

Pulp screen water: 

Bottom dump cell-type diffuser 240 
Side dump cell-type diffuser 1,420 
Continuous diffuser’ 400 
Pulp press water 180 
Pulp silo drainage 210 
Lime cake slurry 90 
Lime cake lagoon effluent 75 
Barometric condenser water 2,000 


B.O.D. 5-Day B.0.D., 
% eC. Susp. Sol, r Ton of 
(p.p.m.) 
210 800-4,300 4.5 
980 530 2.0 
500 620 5.9 
910 1,020 3.0 
1,710 420 2.6 
7,000 270 12.3 
8,600 120,000 6.5 
1,420 450 0.89 
40 0.67 


Relatively strong sulfuric acid solu- 
tion is used to regenerate the cation 
resins. The anion resins are regen- 
erated by washing with an alkali solu- 
tion composed of sodium hydroxide and 
ammonia. After the excess regenerants 
are washed from the resin beds, they 
are virtually recovered to their original 
capacity. Three beet sugar refineries 
in the United States are known to be 
using ion exchange for treatment of all 
or a part of sugar beet juices (3). 


Raw Materials and Products 
Raw Materials 


Raw materials for the processing of 
1 ton of sugar beets are approximately 
as follows: 


Sugar beets 1 ton 
Limestone 60-135 Ib. 
Coke 5-11 |b. 

Coal 180-280 Ib. 
Sulfur 0.5 |b. 

Water 2,500-3,500 gal. 


Diatomaceous earth filter aid 
Sodium carbonate 


Coke is burned in a kiln with the 
limestone to produce lime and carbon 
dioxide. Considerably more lime per 
ton of beets is required in the Steffen 
house than in the straight house. Coal 


is used for steam production and for 
pulp drying. 
be used. 


Natural gas may also 


1 Water-transported pulp in lieu of mechanical conveyor. 


Products 


Sugar beets vary considerably in 
sugar content, ordinarily ranging from 
12 to 18 per cent. Sugar yield depends 
upon the processes employed; that is, 
whether or not the Steffen and barium 
processes are included. One ton of 
beets yields from 200 to 300 lb. of 
refined sugar. Straight house opera- 
tion extracts 80 to 85 per cent of the 
sugar from the beet. The Steffen proc- 
ess extracts an additional 10 per cent. 

In addition to refined sugar, a num- 
ber of by-products are produced. Pulp 
is an important by-product for stock 
feeding. One ton of beets yields about 
one ton of wet pulp (95 per cent mois- 
ture), or about 110 lb. of dried pulp 
(12 per cent moisture). Molasses pro- 
duction from straight house operation 
is governed by the quality of the beets 
processed. The quality of beets is de- 
pendent, in turn, on the region in 
which they are grown. Beets from the 
Rocky Mountain area yield about 75 
lb. of straight house molasses per ton 
of beets, whereas those from Ohio, 
which contain a higher percentage of 
extractable non-sugars, may yield 120 
lb. Lime cake is used as fertilizer in 
certain areas. 

Steffen waste from some Eastern and 
California factories has been processed 
in recent years for recovery of mono- 
sodium glutamate, a taste-intensifying 
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TABLE II.—Steffen Waste Character and 


B.O.D., 


20° C: 
(p.p.m.) 


Susp. per Ton of 
Molasses 
Worked 

(Ib.) 


Sol. 
(p.p.m.) 
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Steffen 10,500 | 100-700 231 


1 Converted to 50 per cent sucrose (sugar) 
basis. 
condiment (4). The waste also con- 
tains valuable fertilizer components, 
which were successfully recovered dur- 
ing their high-value period of World 
War I. 


Volume and Character of Wastes 


Values considered to be representa- 
tive of the volume and character of beet 
sugar manufacturing wastes are given 
in Tables I and II. Cognizance must 
be taken of differences in process equip- 
ment and other pertinent factors in 
selecting and applying the values for 
estimates of waste volume or character 
at any factory. Detailed discussion of 
each of the wastes is presented in sub- 
sequent paragraphs. 


Flume Water Waste 


Flume water waste comprises the 
water used in floating beets from 
storage or unloading areas to the fac- 
tory and the waste from the beet 
washer. It contains large quantities of 
soil washed from the beet, pieces of 
beet roots, leaves, trash, and a small 
quantity of materials in solution. The 
characteristics depend considerably on 
the type of soil in which the beet is 
grown, the nature of the weather dur- 
ing harvest, and the extent of spoilage 
in the stockpile. Wet weather during 
harvest may be expected to increase the 
quantity of soil and silt carried on the 
beets. One investigator found certain 
characteristics of this waste to triple 
in value over the season due to freezing 
and deterioration of the beets (5). 

Suspended solids are most variable, 
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with values as high as 4,300 and as low 
as 800 p.p.m. having been observed. 
Flume water B.O.D. normally varies 
between 150 and 250 p.p.m., but may 
triple in concentration when transport- 
ing frozen or rotten beets. The volume 
of flume water at different factories 
ranged from 2,100 to 3,100 gal. per ton 
of beets. 


Pulp Screen Water 


The pulp screen water is drained 
from the pulp through a screen. It is 
comprised of water contained in each 
cell when it is isolated from the diffu- 
sion circuit for dumping, plus water 
used to flush out the cells, and, in cer- 
tain cases, water added to create a pulp 
suspension for pumping to the screen. 
It contains finely divided pulp in sus- 
pension, organic material in colloidal 
suspension, and a comparatively large 
amount of sugar and other organic 
material in solution. The sucrose con- 
tent has varied between 300 and 600 
p.p.m. A small amount of sand from 
the beets is also present. The amount 
of pulp present is dependent on the 
fineness of the screen. This waste has 
a temperature of about 50° C. 

The concentration of the waste is de- 
pendent to a considerable extent on the 
type of diffuser and the efficiency of the 
pulp screen. Diffusers requiring large 
volumes of wash water give a rela- 
tively dilute waste, but the over-all 
pollution load is increased. The B.O.D. 
varies between 500 and 1,000 p.p.m., 
depending on the type of diffuser. The 
B.O.D. of daily composites may vary as 
much as 50 per cent from the average. 
Pulp sereen water from one plant with 
bottom dump diffuser cells had an 
average 5-day B.O.D. of 980 p.p.m. 
following screening through a 30- by 
40-mesh vibrating screen. 


Pulp Press Water 


At factories where pulp is dried, the 
screened pulp is further dewatered in 
presses before drying. The water 
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pressed from the pulp constitutes pulp 
press water. The characteristics of 
pulp press water vary with the physical 
quality of the pulp. They are similar 
to pulp screen water with somewhat 
higher solids and B.O.D. The sucrose 
content may average as much as 2,100 
p-p.m. Pulp press water amounts to 
some 180 gal. per ton of beets, with a 
B.0.D. averaging 1,700 p.p.m. 


Pulp Silo Drainage 

Pulp silo drainage liquor drains from 
wet pulp during storage in open silos. 
The volume varies with the quantity of 
pulp stored, efficiency of the pulp 
screen, fermentation, and rainfall. 
The volume per ton of beets at two 
factories averaged 165 and 270 gal., 
respectively. Daily flow varied as 
“much as 30 per cent from these average 
values. The B.O.D. of these same 
wastes averaged 8,800 and 6,000 p.p.m., 
respectively, with daily composites 
varying as much as 50 per cent from 
the averages. Organic acids of decom- 
position create a pH of about 4 in this 
waste. 

Pulp silo drainage is the one waste 
which does not cease at the end of fac- 
tory operation. In fact, it may become 
stronger if pulp remains in the silo 
until warm weather. Data given in 
Table I for silo drainage are for the 
period the factories were operating (6). 


Lime Cake Slurry 


Lime cake forms when lime-treated 
and carbonated juice is filtered. It 
is common practice to dilute the cake 
with water to form a slurry which can 
be pumped. The amount of water 
added to the cake is dependent to some 
extent on the type of filter and the 
operator. These factors must be con- 
sidered in comparing volumes and con- 
centrations of the waste. Lime cake 
waste has been reported to average 
from 6,850 to 10,250 p.p.m. B. O. D. and 
107,000 to 137,000 p.p.m. suspended 
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solids. The pH of the waste is about 
11.7. 

The pollution load per ton of beets in 
this waste is greater for a Steffen house 
than for a straight house. Available 
data indicate a B.O.D. load of 8.2 lb. 
per ton of beets for Steffen house, as 
compared to 4.3 lb. for straight house 
lime cake slurry. This indicates ma- 
terials return with the saccharate from 
the Steffen process which are removed 
in the lime cake. Accepting this 
premise, it will be evident that lime 
cake waste from a Steffen house will be 
influenced by the amount of molasses 
worked. 


Steffen Waste 


The filtrate produced in filtering 
saccharate cake from lime-treated di- 
luted molasses in the Steffen process is 
known as ‘‘Steffen Waste.’’ Because 
Steffen plants process varying amounts 
of foreign molasses in addition to their 
own, it is desirable to express Steffen 
waste on the basis of molasses worked. 
Steffen waste is reasonably uniform in 
volume and concentration, as will be 
appreciated from the following con- 
siderations. 

Beet sugar molasses contains 60 to 
63 per cent sucrose (sugar), dry solids 
basis. This relation between sugars 
and non-sugars holds whether the mo- 
lasses is produced in a straight house 
or a Steffen plant. On a total weight 
basis, molasses is about 50 per cent 
sucrose. It is customary in the in- 
dustry to convert molasses to a 50 per 
cent sucrose basis, which likewise re- 
duces the non-sugars to a common basis. 

In Steffen house operation, the 
calcium saccharate returned to process 
carries with it inseparable non-sugars. 
These non-sugars tend to accumulate 
in the Steffen house molasses and, if 
not eliminated from the system, even- 
tually interfere with sugar crystalliza- 
tion and refining. A fair degree of 
uniformity in molasses worked by the 
Steffen process is achieved by correlat- 
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ing the amount of foreign molasses in- 
take with Steffen molasses marketed. 

Approximately 11 tons (2,640 gal.) 
of Steffen waste are produced for each 
ton of molasses worked. The waste is 
high in total solids (25,000 to 40,000 
p.p.m.), almost all of which are in solu- 
tion. A good average value for 5-day 
B.0O.D. appears to be 10,500 p.p.m. 
The pH may be as high as 12.6. These 
data apply to Steffen plants employing 
the combination, cold and hot, saccha- 
rate process. 


Barometric Condenser Water 


Barometric condenser water comes 
from the multiple-effect evaporators 
and vacuum pans. This waste is com- 


parable to flume water in volume, but 
is relatively low in pollutional material. 
Entrainment from the last effect varies 
with evaporator design and operation. 
Evaporator condensates not re-used in 
process and heated water from other 
sources may be discharged along with 


barometric condenser water. Data ob- 
tained on the volume and character of 
condenser water are given in Table I. 
Evaporation of Steffen waste produces 
additional condenser water. 


Ion Exchange Regenerant Wastes 


There are no known data showing 
the volume and characteristics of the 
acid and alkaline wastes from regenera- 
tion of ion exchange resins. Obviously, 
these wastes will contain the non-sugars 
which would normally be found in 
Steffen waste. It would appear that 
the pollution load for a beet sugar re- 
finery employing ion exchange treat- 
ment of second-carbonation juice 
should resemble the waste from a Stef- 
fen plant more closely than from a 
straight house. 

The ion exchange cation and anion 
beds are regenerated simultaneously. 
This practice tends to neutralize the 
combined discharge. However, excess 
acid and alkali are to be expected in the 
regenerant wastes. 
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Miscellaneous Wastes 


Other wastes of a comparatively 
minor nature are those from washing 
filter cloths, equipment, and floors, and 
from the testing and control labora- 
tory. Sanitary sewage should be 
separated from process wastes. 


Pollutional Effects 


Liquid wastes from manufacture of 
beet sugar are similar to those from 
other food processing industries. Oxy- 
gen depletion and sludge deposits are 
common damages to the receiving 
waters. Destruction of normal aquatic 
life and severe odor nuisances have re- 
sulted from promiscuous discharge of 
these wastes. The high lime content 
of beet sugar wastes may impart suf- 
ficient hardness to the water to be- 
detrimental to its subsequent use. 
Relatively high-temperature waste, 
such as barometric condenser water, 
may raise the temperature of the 
stream, thereby decreasing its oxygen 
carrying capacity as well as encourag- 
ing growth of ‘‘sewage fungus.”’ 


Remedial Measures 


Although several methods for abat- 
ing pollution have been developed and 
applied on plant scale, there is no una- 
nimity of opinion in the industry re- 
garding the preferred approach. Con- 
certed effort is being made to solve 
these waste problems through changes 
in process, rather than to install costly 
waste treatment systems. Remedial 
measures which have proven successful 
in varying degrees include: elimina- 
tion, segregation and re-use, by-prod- 
uct recovery, and waste treatment as a 
last resort. 


Elimination 


1. Pulp screen water.—This waste 
ean be eliminated by the continuous 
diffuser, together with a mechanical 
conveyor, which will transport the 
drained pulp from the diffuser to the 
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presses. This precludes the practice at 
some plants of deliberately diluting the 
pulp so that it can be pumped as a 
suspension. Although the great ma- 
jority of existing plants employ the 
cell type diffuser, the trend in new 
construction and remodeling is toward 
the continuous diffuser. 

2. Pulp silo drainage.—Discharge re- 
sulting from storage of wet pulp in 
open pits has proven a major pollution 
source. Prompt pressing and drying of 
the pulp not only eliminates this waste, 
but also substantially increases the 
yield of beet pulp cattle food. The 
pulp press water which is produced 
introduces another problem but of 
greatly reduced magnitude. 


Segregation and Re-Use 


Recirculation and re-use hold con- 
siderable promise of economical solu- 
tion to several of the most important 
beet sugar wastes. The ever-present 
danger of serious process interference 
has been a deterring factor to re-use. 
However, during recent seasons valu- 
able plant operation data have been 
obtained which seem to favor re-use as 
a method of handling the major wastes. 

1. Flume water.—Recirculation of 
flume water is being successfully prac- 
ticed at a number of plants (7) (8) (9). 
Sereening and plain sedimentation pro- 
vide clarification satisfactory for re- 
use. Some factories use short-time de- 
tention basins equipped with sludge 
removal mechanisms; others pass the 
waste through a lagoon, in which settle- 
able solids are allowed to accumulate. 
The sludge concentration as pumped 
from the settling basin may be as low 
as 1.5 per cent solids, of which about 
25 per cent are organic. The amount 
of silt adhering to the beets depends 
very largely on the type of soil in the 
beet producing area and on weather 
conditions prevailing during harvest. 

Soluble solids and finely divided ma- 
terial build up in the recirculated 
water. Following stabilization of oper- 
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ation, effluent from the sedimentation 
basin has been observed to have a total 
solids concentration of 0.5 per cent and 
a 5-day B.O.D. of 1,300 p.p.m. Some 
operators have reported offensive odors 
developing in recirculated flume water. 
Intermittent chlorination cf flume 
water has proven effective in ‘control- 
ling these odors. Clean water taken 
into the system to offset that removed 
with the sludge tends to keep the flume 
water fresh. 

2. Pulp screen water and pulp press 
water.—These wastes have been used 
as diffusion battery water supply for 
some time by European factories and 
more recently in certain United States 
plants (10)(11)(12)(13)(6). The 
greatest single impelling force for re- 
using pulp screen and pulp press water 
is stream pollution abatement. Nu- 
merous advantages are claimed and 
several possible disadvantages are rec- 
ognized. The proposal continues to be 
controversial, with favorable reports 
apparently predominating. 

Advantages claimed for re-use as dif- 
fusion water are: 


a. Recovery of sugar and pulp. 

b. Conservation of heat. 

e. Reduction in fresh water required. 

d. Economical method of waste dis- 
posal. 


Possible disadvantages to 
which have been cited include: 


re-use 


a. Suspended matter might obstruct 
flow around cossettes. 

b. Interference with diffusion of 
sugar from beets. 

c. Increase in non-sugar might re- 
tard crystallization. 

d. Detrimental effect of thermo- 
philic organisms. 


Treatment of these wastes prior to 
re-use as diffusion battery water in- 
cludes efficient removal of suspended 
solids and destruction of thermophilic 
bacteria. Suspended solids have been 
effectively removed by screening 
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through a 30- by 40-mesh vibrating 
screen. Plain sedimentation likewise 
has been reported as_ satisfactory. 
Thermophilic organisms in the dif- 
fusion water, if not controlled, produce 
objectionable odors, invert sugar, cause 
gas binding in the diffuser, and create 
low pH: conducive to corrosion, Chlor- 
ination and heat treatment have both 
been successfully employed on plant 
scale. The efficacy of lime treatment 
has been demonstrated in a pilot plant. 

Although efficient removal of sus- 
pended solids from these wastes is 
deemed advisable prior to re-use as 
diffusion water, plants have been op- 
erated with inadequate screening and 
very short retention periods. The 
literature records one factory returning 
water from the pulp screen, following 
chlorination, directly to the diffusion 


battery supply. The most obvious 


operating difficulties resulting from in- 
efficient solids removal were clogging of 
return pipe lines and excessive chlorine 


demand. The very fact that reason- 
ably satisfactory diffusion is possible 
under these adverse conditions tends to 
discount some of the concern associated 
with re-use. 

Plant-seale studies with chlorine 
treatment indicate that chlorine 
ages of 25 to 60 p.p.m. in the pH range 
of 5.5 to 7.0, followed by sedimentation, 
permit satisfactory re-use of pulp 
screen and pulp press water as battery 
water supply (14). The chlorine was 
reported to produce some flocculation 
with improved clarification. The chlo- 
rine dosage is influenced by the contact 
time and solids concentration of the 
recirculated water. The total solids 
concentration in recirculated water at 
one plant was 8,750 p.p.m. at the end of 
the season. 

Lime or acid treatment and sedimen- 
tation of these waste waters may be 
expected to remove a large percentage 
of the suspended solids. Acid treat- 
ment of pulp press water preliminary 
to re-use is reported widely practiced in 
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Sweden (11). The literature reports 
that recovery of sugar was not affected 
by re-use of pulp screen and pulp press 
water in 15 Swedish factories. Cer- 
tainly there is a potential recovery of 
additional sugar. Sugar contained in 
the waste water re-introduced into the 
system should appear either as in- 
creased sugar yield or in the molasses. 
This theory is based on normal sugar 
losses in other factory wastes. 

In one plant, pulp press water was 
heated to 73° to 75° C. and added to 
the battery supply tank, where it was 
mixed with fresh water and a tem- 
perature between 60° and 65° C. was 
maintained. No deleterious bacterial 
activity was observed. These tempera- 
tures attain the best balance between 
pulp losses, water introduced to the 
battery, and pulp press work. It would 
be possible with continuous diffusers 
to introduce pulp waters a short dis- 
tance ahead of the point where spent 
cossettes are withdrawn. This pro- 
cedure would minimize solids build-up 
in the re-used water, inasmuch as the 
re-used pulp water is purged from the 
pulp by fresh water prior to the pulp 
leaving the diffuser. 

The re-use of pulp screen water and 
pulp press water is not limited to use 
in the diffusion process. A portion of 
these wastes may be used to make the 
lime cake slurry. Likewise, a portion 
may be used to dilute molasses in the 
Steffen process. In this operation, the 
pulp water may be treated with lime 
and settled prior to mixing with the 
molasses. This produces another 
sludge, which must be dealt with. If 
not treated before such re-use, the pre- 
cipitated material will appear in the 
lime cake wastes of raw juice purifica- 
tion. In either case, soluble impurities 
are transferred to the Steffen waste. 

Elimination of wastes by re-use of 
pulp and pulp press water is qualified 
by the transfer of non-sugar pollutants 
to other factory wastes. Maximum ef- 
fectiveness of such re-use will be 
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achieved only by application of re- 
medial measures to all wastes con- 
cerned. 

3. Lime cake.—A number of foreign 
plants were reported calcining the lime 
cake and re-using the lime. Lime make- 
up was reported as 25 per cent, in- 
dicating some discard. Reburning of 
defecation lime cake in a multiple- 
hearth furnace at one California plant 
was reported to produce calcium oxide 
of exceptionally good quality for Stef- 
fen house operation (15). Burning of 
the lime cake would encourage handling 
it in the comparatively dry state as 
removed from the filter presses. The 
cake contains about 50 per cent mois- 
ture and can be handled by belt con- 
veyor or other mechanical means. The 
practice of diluting lime cake to a 
slurry is an expedient to handling. 

4. Barometric condenser water.—It 
is common practice to re-use barometric 
condenser water or condensates for 
fluming and washing beets, for dif- 
fusion battery water, for washing lime 
eake, for dilution of lime cake, for 
cleaning filters, and for boiler feed. 
The pollutional effect is thus trans- 
ferred to other factory wastes. 

At some beet sugar factories in Eng- 
land this barometric condenser water 
is cooled and re-used in the barometric 
condensers. Growth of bacteria and 


fungi in cooling towers is controlled by 


chlorine treatment (8). 


By-Product Recovery 


By-products from beet sugar manu- 
facture are confined to molasses, beet 
pulp, and recovery from Steffen waste. 
Information pertaining to pulp and 
molasses is given in a previous section 
designated ‘‘Products.”’ 

The most promising solution to the 
Steffen waste problem is to concentrate 
the material in multiple-effect evapora- 
tors and to incorporate the syrup with 
the beet pulp, thereby enhancing its 
nutrient value. Experimental work 
has been conducted with both evapora- 
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tion and feeding of the enriched beet 
pulp. Results of this research show 
promise of profitable by-product re- 
covery. 

Monosodium glutamate is currently 
being produced at plants in California 
and Ohio. This process uses the Steffen 
waste, which has been concentrated to 
between 60 and 70 per cent total solids, 
and produces glutamic acid by caustic 
hydrolysis, acid treatment of the hy- 
drolysate, refining, and crystallization. 
The end liquor from the monosodium 
glutamate process has a solids con- 
centration of 65 per cent and a 5-day 
B.0.D. of 378,000 p.p.m., a formidable 
waste. Studies are being made with 
the view of incorporating this end 
liquor with the beet pulp as a fortifier 
for the pulp stock food. 

Steffen waste also possesses potash 
and nitrogen constituents in concen- 
trations inviting recovery. During 
World War I, recovery of these con- 
stituents proved economically sound 


(4). 
Individual Wastes Treatment 


Considerable research has been con- 
ducted in the treatment of beet sugar 
wastes, both individual and combined. 
Seasonal operation causes overhead to 
be costly for treatment of the wastes as 
produced. 


1. Flume water.—Treatment con- 
sists of screening, grit removal, sedi- 
mentation with or without coagulants 
in tanks equipped for continuous 
sludge removal, and either vacuum fil- 
ters or sludge ponds. A retention of 
80 min. in the sedimentation basin has 
been recommended. Removals by this 
treatment have been reported as high 
as 92 per cent suspended solids and 42 
per cent 5-day B.O.D. (16). Steffen 
waste has been reported satisfactory 
as a coagulant for flume water (17). 

2. Lime cake slurry.—This waste is 
commonly stored in ponds providing 
several days detention. Such treat- 
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ment removes practically all of the sus- 
pended solids and gives a substantial 
reduction of B.O.D. The volume of 
this waste is such that lagooning for the 
entire season is feasible. 

3. Pulp sereen water and pulp press 
water—Even though re-use of this 
process water as diffusion battery 
water supply should be generally ac- 
cepted, such a process modification will 
be gradual in the industry and these 
wastes must be reckoned with in the 
interim. Fine screening materially re- 
duces the concentration of these wastes 
and yields quantities of pulp hav- 
ing economic significance. Vibrating 
screens (30- by 40-mesh) have been suc- 
cessfully employed. This type of 
screen has a capacity for screening 22 
gal. per square foot per minute of the 
combined process wastes. 

Coagulation of pulp screen and pulp 
press water with lime has been prac- 
ticed, using a dosage of 500 to 600 
p.p.m. CaO. Lime treatment requires 
a chemical feeder, mixing chamber, 
coagulation tank, sedimentation basin, 
and sludge disposal facilities. Coagu- 
lation for 20 to 30 min. and a settling 
period of 2 hr. has been recommended. 
Such treatment produces a water-clear 
effluent and B.O.D. reductions as high 
as 47 per cent are reported. Other 
studies have shown as low as 30 per 
cent average 5-day B.O.D. reduction 
for lime treatment. In any event, the 
effluent is still highly objectionable, in 
that the B.O.D. remaining is high and 
the treated waste is caustic, containing 
considerable calcium. 


Combined Wastes Treatment 


The most optimistic results through 
elimination, re-use, and by-product re- 


covery will still leave miscellaneous 
wastes, discharge from recirculation 
systems, and lagoon supernatant re- 
quiring treatment except in those lo- 
cations where there is adequate dilution 
in the receiving stream. 

Lagooning has been used as an ex- 
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pedient for handling wastes from beet 
sugar manufacture (18). Some nat- 
ural purification is accomplished over a 
period of several months. Except in 
arid regions, the ultimate objective in 
lagooning is to dispose of the partially 
purified wastes by controlled dilution 
during periods of high stream dis- 
charge and low water temperatures. 
The most significant objections to la- 
gooning as a means of disposing of beet 
sugar wastes are: 


1. Potential pollution hazard from 
major seepage or dike break. 

2. Large lagoon areas, which fre- 
quently give off obnoxious odors. 


The British Water Pollution Re- 
search Laboratory has reported satis- 
factory pilot plant treatment of la- 
gooned beet sugar wastes by biological 
filtration (19). Experimental work 
was performed with recirculated flume 
water containing about 2 per cent 
process wastes (pulp screen and press 
water) at both standard and high- 
capacity rates. The experimental filter 
was 12 ft. in diameter and 6 ft. deep. 

This experimental work demon- 
strated that settled flume water was 
amenable to biological filtration and 
that this treatment could be relied on 
to consistently give a treated waste 
with a 5-day B.O.D. less than 20 p.p.m. 
The British concluded from this re- 
search that, if settled waste waters 
were treated continuously throughout 
the year, a biological filter 60 ft. in 
diameter and 6 ft. deep should be 
adequate for treating residual wastes 
from a factory slicing 2,000 tons of 
beets per day (8). This system still 
requires extended storage of a large 
volume of waste. 


Consideration for New Plant 


It is a relatively simple matter to 
plan for segregation and re-use of 
process water in design of a new plant 
or in modernization of an existing 
factory. Likewise, by-product recovery 
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may be more readily incorporated into 
new design. The potentials of in- 
creased sugar yield, water conservation, 
and heat economies can »e exploited to 
the maximum. Those factors having 
bearing on wastes should be coordi- 
nated with requirements of established 
objectives and subsequent stream use. 
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VOLATILE ACID PRODUCTION DURING DIGESTION 
OF SEVERAL INDUSTRIAL WASTES * 
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A study of volatile acid production 
during the digestion of seeded mix- 
tures of industrial wastes might have 
a practical significance if it could be 
established that different modes of de- 
composition take place with the over- 
loaded as with the normal digesting 
seeded mixtures. If decomposition of 
overloaded mixtures proceeded differ- 
ently from the digestion with normal 
load, the extent of the change might be 
such as to retard recovery. It was 
shown in the digestion of seeded, limed, 
and improperly digesting seeded solids 
(4) that the mode of decomposition was 
not affected by the conditions of de- 
composition, but that the rate of hy- 
drolysis was affected. Therefore, the 
extent to which an industrial waste 
mixture is overloaded might be im- 
portant if the concentration or types 
of the various volatile acids changed 
significantly from the normal decom- 
posing mixtures. 

Another important factor to be con- 
sidered is the possibility of by-prod- 
uct recovery. 

In making a study of volatile acid 
production during the digestion of nor- 
mal and overloaded seeded mixtures 
of various industrial wastes, the follow- 
ing wastes were selected: 

1. Yeast. 

2. Paper white water. 

3. Slaughterhouse. 


These wastes were of different compo- 
sition and would be expected to pro- 
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duce different intermediate compounds. 
The yeast is rich in nutrients, the 
white water low in nitrogen content, 
and the slaughterhouse high in nitro- 
gen. The purpose of the experiments 
reported herein was to acquire informa- 
tion as to the types and quantity of 
acids produced during the digestion of 
these wastes. In both the yeast and 
slaughterhouse waste studies, mixtures 
were intentionally overloaded so that 
a comparison could be made with the 
normal digesting mixtures as to type 
and quantity of volatile acids pro- 
duced. 


Methods 


A series of experiments was car- 
ried out in which concentrated spent 
yeast nutrient was seeded with acclima- 
tized ripe sludge on the basis of three 
different volatile matter ratios and al- 
lowed to digest quiescently at 20° C. 
The three volatile matter ratios used 
were 1:20, 5.6:1, and 9.3:1, respec- 
tively, as yeast waste volatile solids to 
acclimatized ripe sludge volatile solids. 

Determinations made and recorded 
were pH, solids, ash, gas volume, car- 
bon dioxide in the gas, and individual 
volatile acids. Whenever possible, the 
Werkman partition analysis technique 
(2) (5) for the individual volatile acids 
was applied to the recovered acids. 
Where the partition analysis was not 
applicable, the Craig countercurrent 
distribution technique (1) (6) was em- 
ployed. On occasion, the recovered 
acids were not present in sufficient 
concentration to allow application of 
either method of analysis; conse- 
quently, these samples were recorded 
as total p.p.m. propionie (2). 
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The concentrated spent yeast nutri- 
ent waste was obtained, and the ripe 
sludge was acclimatized by adding in- 
creasing increments (2.5 ner cent by 
volume) of yeast waste to ripe sludge 
until the daily loadings amounted to 
12.5 per cent by volume. 

A sample of white water was con- 
centrated by evaporation and then 
added to ripe sludge on a 1:1 volatile 
matter basis. To this mixture was 
added (NH,),CO, in sufficient concen- 
tration so that the nitrogen-carbon 
ratio was 1:40. A total of 24.35 g. of 
volatile white-water solids was taken 
for the digestion experiment and in- 
cubated at 20° C. The determinations 
made were pH, ash, solids, gas volume, 
gas composition, and individual vola- 
tile acids (2) (5). 

Digestion experiments of slaughter- 
house waste were conducted on three 
separate loadings in such a manner 
that additions and withdrawals could 
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be made without introducing air. The 
raw waste was adjusted by dilution 
to an approximate B.O.D. of 1,500 
p.p.m. based on oxygen consumed an- 
alysis of the undiluted waste using 
an average oxygen consumed-B.0.D. 
ratio of 4.3. For a period of 614 days, 
additions of 500, 1,000 and 2,000 ml. 
of diluted waste were made twice daily 
to separate 500-ml. portions of slaugh- 
terhouse acclimatized ripe sludge. The 
analyses made on the diluted raw waste 
were B.O.D., pH, total solids, volatile 
solids, and total volatile acids ; determi- 
nations made on the digested effluents 
were B.O.D., pH, total solids, volatile 
solids, suspended solids, total volatile 
solids, and individual volatile acids 
(1) (2) (5) (6). Gas measurements and 
gas analyses were also made. 

All gas measurements were made 
from mixtures in sealed bottles, and 
the analyses performed on the yeast 
nutrient and white-water waste diges- 
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FIGURE 1.—Total volatile acid concentration in digestion of concentrated yeast nutrient 
waste in mixtures with various waste to ripe sludge volatile solids ratios. 
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FIGURE 2.—Individual volatile acid con- 
centrations from digestion of 5.6:1 (waste 
to ripe sludge volatile solids ratio) mixture 
of concentrated yeast nutrient waste. 


tions were made on samples taken from 
duplicate carboys. 


Experimental Results 
Spent Yeast Nutrient Waste 

The data obtained from the three 
separate digestion experiments on 
spent yeast nutrient waste are pre- 
sented graphically in Figures 1, 2, 
and 3. 

In Figure 1 the three different di- 
gestion mixtures are presented and 
compared on the basis of total volatile 
acid accumulation per gram of vola- 
tile matter. Both the 5.6:1 and 9.3:1 
ratios behaved similarly during the 
first 41 days of digestion; the acid ae- 
cumulation per gram of volatile mat- 
ter was consistently lower during the 
first 41 days in the 9.3:1 overloaded 
mixture. Although these differences 
were consistent and definite, they were 
not appreciable. After reaching and 
remaining at its peak level for 41 days, 
the acid accumulation began to in- 
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crease in the 9.3:1 mixture, reaching 
a peak on the 55th day. A possible 
explanation is presented later after 
other pertinent facts of gas production 
and individual acid accumulation are 
discussed. 

Also in Figure 1, the total volatile 
acid accumulation in a normal yeast 
waste digestion (1:20 volatile matter 
basis) is shown in contrast to the re- 
sults obtained with the overloaded mix- 
tures. Although the abscissa time 
scales of the normal and overloaded 
digestions are different, the ordinate 
scales of acid accumulation per gram 
of volatile matter taken are identical; 
consequently the contrasts are effec- 
tively shown. The normal digestion 
showed no acid accumulation, but a 
sharp drop in acid content to a con- 
stant low level. In previous experi- 
ments (4), properly seeded fresh solids 
gave identical results. 

The accumulation of individual ae- 
ids as digestion progressed in the 5.6: 1 
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FIGURE 3.—Individual volatile acid con- 
centrations from digestion of 9.3:1 (waste 
to ripe sludge volatile solids ratio) mixture 
of concentrated yeast nutrient waste. 
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mixture is shown in Figure 2. Four 
separate volatile acids were found in 
measurable amounts. During the first 
16 days of digestion, only acetic and 
butyrie acids were found. After 16 
days, both propionic and valerie acids 
appeared in appreciable quantities, in 
addition to the acetic and butyric acids. 
To determine the four-acid mixtures, 
the Craig countercurrent procedure 
(1) (6) was used only after the Werk- 
man method (2) (5) was found ineffec- 
tive. A sample for volatile acids de- 
termination was available after 89 days, 
but it had such low concentration that 
it was all consumed during the par- 
tition method analysis. This partition 
analysis indicated the presence of a 
higher volatile acid, probably valeric, 
but proof was not possible. The lower 
total volatile acids (1,505 p.p.m. as 
propionic) obtained with this last mix- 
ture as compared with the previous an- 
alysis (3,185 p.p.m.) indicates that 
the acids present were decomposing 
readily and the curves of Figure 2 
would continue to decrease uniformly. 
Neither propionic nor valerie acids ap- 
peared until maximum total acid ac- 
cumulation occurred. It is possible 
that these two acids are indicative of 
an overloaded yeast waste digestion. 
In Figure 3 are presented the indi- 
vidual acid accumulations during the 
digestion of the 9.3:1 mixture. Again, 
for the first 23 days of digestion, the 
acid trends were similar to those in 
the 5.6: 1 mixture; both the propionic 
and valerie acids did not appear until 
maximum acid accumulation had taken 
place. After 23 days of digestion the 
acid composition took an unusual 
trend. Both the propionic and valeric 
acids began to decrease in concentra- 
tion, with a corresponding increase of 
butyric acid accumulation and a de- 
erease of the rate of acetic acid de- 
composition. This would indicate a 
conversion of propionic and valeric 
acids to acetic and butyric. Suddenly, 
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all the acids present began to increase 
in concentration. This sudden increase 
remains unexplained; no such action 
took place with the 5.6:1 mixture. 

As in the 5.6:1 mixture, the final 
sample from the 9.3:1 mixture de- 
creased to a low total volatile acid 
content of 937 p.p.m. No aliquot was 
available for a Craig analysis. The 
Werkman partition indicated the pres- 
ence of a higher volatile acid, prob- 
ably valeric. 

Gas production decreased as soon as 
the acids reached their maximum level. 
Apparently the reaction became so un- 
favorable that little or no decomposi- 
tion took place after the acid accumu- 
lation reached the maximum level. 

Referring again to Figure 1, in which 
the total acids present in the digestion 
mixtures at various intervals of time 
are shown graphically, the drop in to- 
tal acids in the 5.6:1 ratio after the 
30th day did not result in a corre- 
sponding increase in gas production. 
In fact, no gas production occurred and 
acid decomposition continued through 
the 92nd day. It would seem that acid 
decomposition should be accompanied 
by gas production. The pH within the 
carboys from which samples were 
drawn for analysis differed somewhat 
from that of the sample connected to 
the gasometer. After 92 days the seal 
was broken on the gasometer-connected 
digestion mixture and the pH recorded 
was 5.6, whereas the carboy samples 
measured a pli of 5.62 after only 44 
days. After 55 and 89 days the carboy 
samples recorded pH values of 6.0 and 
6.9, respectively. It is apparent that 
with such large deviations of pH val- 
ues, similar reactions in the gasometer 
and in the carboys would not occur. 
Consequently, it may be assumed that 
gas production had occurred during 
the acid decomposition of the 5.6:1 
ratio digestion mixture in the carboy, 
although none occurred with the gasom- 
eter-connected digestion mixture. 
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FIGURE 4.—Total volatile acid concen- 
tration and daily gas production from diges- 
tion of paperboard mill white water. 


White Water 


ixperimental results obtained with 
the white-water digestion are presented 
graphically in Figures 4 and 5. 

Figure 4 is a plot of daily gas pro- 
duction and of the total volatile acids 
accumulation (as propignic) in the di- 
gestion mixture. The rate of gas pro- 
duction increased rapidly and reached 
a peak on the third day, then dropped 
sharply during the fourth and fifth 
days. From the sixth day on, the rate 
of gas production decreased gradually 
until the 16th day, when gas produe- 
tion was considered complete. ° The 
average gas yield was 160 ml. per 
gram of volatile matter. 

Gas composition showed a quick rise 
in carbon dioxide percentage during 
the first four days of digestion, fol- 
lowed by a gradual reduction. The 
maximum carbon dioxide percentage 
reached was 19.1, which is appreciably 
lower than normally obtained in sew- 
age sludge digestion. 
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Figure 5 presents individual acid ac- 
cumulation during the digestion. Only 
acetic and butyric acids were found. 
Both the acetic and butyric acids oe- 
curred in the form of two distinet acid 
peaks, which were more marked with 
the former. An apparent disappear- 
ance of both acids occurred between 
the &th and 12th day of digestion, fol- 
lowed by a sharp increase of acetic 
and a gradual increase of butyric 
acid. 


Slaughterhouse Waste 


A composite table of average results 
obtained per day from the digestion 
of slaughterhouse waste loaded on a 
daily basis are presented in Table I. 
Detailed results (3) indicated that a 
rather constant level had been reached 
during the 614 days of digestion, as 
repeatedly shown by the determina- 
tions of B.O.D. reduction, carbon di- 
oxide in the gas, gas per gram of 
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FIGURE 5.—Total and individual vola- 
tile acid concentrations during digestion of 
paperboard mill white water. 
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volatile matter added, pH, volatile 
solids reduction, and volatile acids in 
the supernatant. 

The loadings increased from 0.098 
lb. to 0.157 lb. B.O.D.’ per eubie foot 
per day, with decreasing digestion time 
from 1 day to 0.625 day, respectively. 
The digestion receiving the higher 
loadings was further ‘‘taxed’’ by its 
decreased detention time, so that the 
sharp differences in B.O.D. reduction, 
volatile solids reduction, volatile acids 
accumulation, and gas production with 
the various digesters became apparent. 


TABLE I.— Digestion of Slaughterhouse 
Waste Loaded on a Daily Basis 


Average Results, 
Item Per Day 
(1) (Ib. B.O.D./ 0.098 |0.130 | 0.157 
6.86 6.63 6.44 
{3} BH O.D. added (Ib.) 0.00346) 0.00692) 0.01384 


(4) Vol. solids added (Ib.) 0.00398) 0.00796} 0.01592 
(5) Detention time (days) 1.0 0.75 0.625 
(6) Gas per g. vol. matter 337 165 53.4 


(7) Gas per g. vol. matter 440 220 110.8 
destroyed (ml.) 
(8) COs in gas (%) 742 6.58 4.04 


(9) B.O.D. reduction (%) 79.5 44.3 17.6 
(10) Vol. solids reduction (Fe) 81.5 75.0 51.0 
(11) — 7“ in sup. liq 34.4 63.8 84.8 
(12) Vol. ac acids in sup. liq. 50.4 313 552 


(13) Total vol. acids in gas and | 408 277 136 
sup. liq. (mg. /g.?) 

(14) Total vol. acids in gas and | 498 368 242 
sup. liq. (mg. /g.*) 

(15) Ash in sludge, initially (%)| 24.9 31.2 28.8 

(16) Ash in sludge, finally (%) | 59.2 59.2 59.2 


1 As propionic. 
? Volatile matter added. 
* Volatile matter destroyed. 


In Figure 6 are presented the total 
volatile acids (as propionic milligrams 
per gram volatile matter destroyed) in 
the effluents from the digesters. The 
volatile acid contents of the effluents 
were markedly uniform, varying at 
most 50 to 75 p.p.m. Of all the an- 
alyses, the volatile acid determinations 
were least affected from day to day. 
With constant daily loads the volatile 
acid level should not fluctuate, and 
with higher loads higher volatile acid 
levels should correspondingly be at- 
tained. The results show that such was 
the case. The individual volatile acid 
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FIGURE 6.—Total volatile acid produc- 
tion, including gas converted to equivalent 
amounts of volatile acid, during digestion 
of slaughterhouse waste mixtures of dif- 
ferent daily raw waste loadings. 


determinations presented in Table II 
substantiate the above statements. 
With lower loadings, two-day com- 
posite samples (see Table IL) were 
necessary to obtain sufficient acid con- 
centration for analysis by the counter- 
current technique. 

A comparison of the fourth and sixth 
day volatile acid composition obtained 
with the waste mixture loaded at 0.157 
lb. B.O.D. per cubie foot indicates the 
similarity of these two samples. 

The individual acids present were 
identical, and the concentrations of 


TABLE II.—Individual Acid Analysis of 
Supernatant Liquor from Digestion of 
Slaughterhouse Waste Mixtures 


3rd 
2-Day | 4th 6th 
Com- | Day Day 
posite 
Loadings, B.O.D. &. /eu. ft.) | 0.130 | 0.157 | 0.157 
Acetic acid (p.p.m.) 54 231 260 
Propionic acid (p.p.m.) 81 88 88 
Butyric acid (p.p.m.) 124 145 104 
Valeric acid (p.p.m.) 141 104 96 
Total vol. acids (p.p.m.) 400 548 
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each were almost identical. The pro- 
pionic and valerie acid concentrations 
were the same on the fourth and sixth 
days, respectively. The acetic and 
butyric acid concentrations differed so 
little on these two days that they can 
be considered the same. 

In the lower loaded mixture of 0.130 
lb. B.O.D. per ecubie foot, the same 
four acids were also found. The only 
difference was the much lower acetic 
acid accumulation with the lower load- 
ing. This may be attributed to more 
favorable conditions for digestion and, 
consequently, more rapid conversion 
of the acetic acid to gas by the meth- 
ane-producing organisms. The lower 


loading yielded more gas per gram of 
volatile matter destroyed. 


Discussion 


Application of volatile acid studies 
to several digesting industrial wastes 
has produced some interesting results. 
Batch digestion studies of the yeast 
waste rich in nutrient resulted in vola- 
tile acid accumulations which were 
similar in some respects to fresh solids 
digestion (4), but differed in others. 
Total volatile acid production was 
similar to digesting fresh solids (4), 
in that properly loaded yeast waste 
mixture showed a sharp drop in the 
accumulated acids to a low constant 
level, coinciding with increased gas 
production. The overloaded yeast 
waste mixtures accumulated volatile 
acids rapidly, coinciding with negli- 
gible gas production. The high acid 
level remained until more favorable 
digestion conditions were restored, 
with subsequent rapid disappearance 
of the acids. Again, the similarity to 
fresh solids digestions (4) consisting 
of unseeded, limed, or improperly di- 
gesting seeded solids is apparent. 

Individual acid accumulation is dif- 
ferent in overloaded yeast waste mix- 
tures from that in fresh solids diges- 
tions. Four lower volatile fatty acids 
(acetic, butyric, propionic, and valeric) 
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were found in measurable amounts, 
whereas fresh solids digestions indi- 
cated only three acids (acetic, propi- 
onic, and butyric). Acetic and butyric 
acid accumulations were similar in 
both series of yeast digestions; they 
rose rapidly to a peak and then de- 
creased rapidly as digestion became 
favorable. The occurrence of both 
propionic and valerie acids was similar 
in each. These acids did not appear 
in sufficient concentration until the 
peak of acid accumulation had passed, 
then rose quickly to a maximum, fol- 
lowed by a gradual disappearance. 

It appears logical that the lower 
molecular weight substances, such as 
acetic, would be utilized by the organ- 
isms first, for food, before the organ- 
isms attack the more complex sub- 
stances, such as the high molecular 
weight proteins. <A state of vigorous 
degradation may be needed to produce 
hydrolysis of the more complex ma- 
terials. This may explain the second 
propionic acid peak obtained with 
slowly digesting treated and untreated 
fresh solids (4). The first peak may 
have been due to the breakdown of 
available compounds, such as _ lactic 
acid. 

The digestion of white water low in 
food materials differed from either the 
fresh solids (4) or yeast waste diges- 
tions. Only two acids, acetic and 
butyric, were found during the entire 
digestion. Probably a digestion mix- 
ture consisting primarily of carbon- 
aceous material and lacking the nu- 
trients present in the more complex 
substrates yields only the simpler vola- 
tile acids, such as acetic and butyric. 

The study of volatile acid produc- 
tion during the digestion of slaughter- 
house waste differed from the other in- 
dustrial waste experiments in that the 
digesters were fed on a daily basis. 
Although various daily loadings were 
applied and different detention times 
employed, the daily analyses indicated 
uniform digestion in each of the mix- 
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tures. Analyses showed that the vola- 
tile acids accumulate to a definite con- 
centration and remain at this level if 
the loadings are kept constant. The 
individual acid analyses (Table I/) 
showed identical acids present (acetic, 
propionic, butyric, and valeric) on the 
different days and almost identical in- 
dividual acid concentrations, sub- 
stantiating the uniformity of diges- 
tion. Hence, at constant loadings, a 


constant total volatile acid accumula- 
tion level in the digestion mixture on 
successive days appears to be a good 
indication of uniformity of operation. 


Summary 


A series of experiments was con- 
ducted on several industrial wastes by 
batch and continuous feeding proc- 
esses. Various analyses were made of 
the waste material during digestion, 
and special emphasis was placed on 
the total and individual lower volatile 
acids produced. 


Conclusions 


1. The Craig countercurrent tech- 
nique can be adapted satisfactorily for 
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the analysis of volatile acids present in 
industrial wastes. 

2. Acetic, propionic, butyric, and 
valeric acids were found present dur- 
ing the decomposition of overloaded 
yeast waste mixtures. 

3. During overloaded yeast waste di- 
gestions propionic and valeric acids in- 
creased rapidly after the maximum 
total acid accumulation had _ been 
reached. 

4. Digestion of white water showed 
the accumulation of only acetic and 
butyrie acids. 

5. The individual volatile acids 
found in digesting slaughterhouse 
waste were acetic, propionic, butyric, 
and valerie. 

6. Total volatile acid determinations 
may be used to indicate the efficiency 
of continuously fed slaughterhouse di- 
gestions. 


Acknowledgment 


The investigation reported herein 
was supported by a research grant 
from the Division of Research Grants 
and Fellowships, National Institutes of 
Health, U. S. Public Health Service. 


References 


1. Craig, L. C., ‘‘Identification of Small 
Amounts of Organic Compounds by 
Distribution Studies. II. Separation 
by  Countercurrent  Distribution.’’ 
Jour. Biol. Chem., 155, 519 (1944). 

2. Heukelekian, H., and Kaplovsky, A. J., 
‘‘TImproved Method of Volatile Acid 
Recovery from Sewage Sludges.’’ 
Sewage Works Jour., 21, 6, 974 (Nov., 
1949). 

3. Kaplovsky, A. J., ‘‘A Study of the Lower 
Volatile Fatty Acids Present in De- 
gesting Sewage Solids and Industrial 
Wastes.’’ PhD. thesis, Rutgers Uni- 
versity (1950). 


4. Kaplovsky, A. J., ‘‘ Volatile Acid Pro- 
duction During the Digestion of 
Seeded, Unseeded and Limed Fresh 
Solids.’’ Sewage Works Jour., 23, 6, 
713 (June, 1951). 

5. Osburn, O. L., Wood, H. G., and Werk- 
man, C. H., ‘‘Determination of Vola- 
tile Fatty Acids by the Partition 
Method.’’ Ind. Eng. Chem., Anal. Ed., 
8, 270 (1936). 

6. Sato, V., Barry, G. T., and Craig, L. C., 
**Tdentification of Small Amounts of 
Organic Compounds by Distribution 
Studies. III. Separation and Estima- 
tion of Normal Fatty Acids.’’ Jour. 
Biol. Chem., 170, 501 (1947). 


| 

; 
| 

: 


RECOVERY OF CHROMIC ACID FROM PLATING 
OPERATIONS * 


By F. R. Keuuer, C. C. Cupps, anp R. E. SHaw 


Plant Manager, Engineer, and Plating Supervisor, respectively, 
Standard Steel Spring Co., Newton Falls, Ohio 


Many authors have pointed out that 
the design of an industrial waste dis- 
posal plant starts with a reappraisal 
of operating layout and processes. 

The present paper describes a case 
in point. At the Standard Steel Spring 
Company’s Newton Falls, Ohio, plant, 
installation of a recovery system has 
already resulted in a reduction of 55 
per cent in the amount of chromic acid 
lost by drag-out. Not only has this 
materially reduced the load on the 
treatment plant and saved some $1,650 
monthly on ferrous sulfate used for 
treatment, but it also has paid off in re- 


duced chromic acid consumption at 


the rate of $2,500 monthly. The re- 
covery system cost approximately $10,- 
000 to install and operation costs are 
about $500 per month. Even though 
the recovery plant has not been oper- 
ating consistently at its designed ef- 
ficiency, it had paid for itself three 
months after installation. 

Not every chromium plating opera- 
tion would yield such spectacular sav- 
ings from a similar installation, but 
wherever drag-out represents a sub- 
stantial proportion of chromic acid 
usage, the situation will be very similar. 
It is suggested that many operators 
will be surprised if they calculate the 
chromie acid corresponding to the 
chromium deposited in a month and 
compare this figure with actual chromic 
acid usage. 

At Newton Falls, where automobile 
bumpers are plated automatically, the 

* Presented at 24th Annual Meeting, Fed- 


eration of Sewage and Industrial Wastes 
Assns.; St. Paul, Minn.; Oct. 8-11, 1951. 


drag-out is quite heavy, owing to the 
cup formed at the bottom when a 
bumper is hung vertically. Each 
bumper carries with it from %4 to 1 
pint of solution, which represents a 
considerable fraction of the daily usage 
of chromic acid. The following per- 
centages represent the use of chromic 
acid with a double recovery tank before 
any further recovery system was in- 
stalled : 


Chromic acid used to deposit chromium 5.7% 
Mise. losses, incl. fume exhaust (est.) 20.0% 
Drag-out 74.3% 


Total 100.0% 


The successful use of a recovery tank 
depends upon an appreciable quantity 
of the drag-out liquor being used in 
the plating or process tank. Normally, 
the only use for drag-out liquors in a 
plating tank is to replace loss of solu- 
tion by evaporation, since the drag-in is 
equivalent to the drag-out on the work 
being processed. Decorative chromium 
plating tanks, however, are usually 
operated at 110° to 125° F., which re- 
sults in very little evaporation. 


Process Modification 


To improve the operation of the re- 
covery tanks at Newton Falls, the 
amount of solution continuously taken 
from these tanks was materially in- 
creased, first, by reducing the drag-in 
to the plating tank and, second, by in- 
stalling an evaporatory to reduce the 
volume of drag-out solution before ad- 
ding it to the plating tank. 

The flow sheet (Figure 1) of the 
installation shows the two rinses (tanks 
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4 and 5) preceding the plating tank 
and the three cold rinses (tanks 7, 8, 
and 9) and final hot rinse (tank 10) 
following it. This normal rinsing cycle 
has been altered as follows: 


1. Tank 4 is operated normally ; that 
is, full and overflowing to sewer. 

2. Tank 5 is operated empty. Blow- 
off fixtures (Figure 2) remove the bulk 
of the water carried in the bumpers by 
a blast of air. 

3. Tank 7 is also operated empty. 
The bumpers are first rinsed by a 
spray, which is mechanically arranged 
to operate intermittently ; that is, when 
the carrier is in proper position. The 
diluted drag-out now carried by the 
bars is then blown off by air jets as in 
Tank 5. 

4. Tank 8 is operated full, but not 
overflowing. The sprays for tank 7 
are fed from tank 8 by means of a 
small centrifugal pump, and only 
enough fresh water is added to tank 8 
to replenish this spray water and the 
normal drag-out. Thus, the only por- 
tion of the chromic acid drag-out 
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FIGURE 1.—Flow diagram of part of plating cycle as altered to recover chromic acid, 
showing designed flow rates and equilibrium concentration of CrO.,. 
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which finds its way to waste is that 
dragged out of tank 8. Therefore, the 
primary object is to keep the concen- 
tration in this tank to a minimum. 

Referring again to Figure 1, it will 
be seen that the efflux from tank 7, 
containing the bulk of the chromic acid 
drag-out, is pumped through a flow 
meter and heat exchanger to the con- 
eentrator. <A portion of the concen- 
trate is recycled, the rest being returned 
to the plating tank substantially at 
plating bath concentration. It will also 
be seen that the chief work by the con- 
centrator is to evaporate the water used 
by the sprays in tank 7, providing that 
both blowoffs are equally efficient, so 
that the drag-in from tank 5 equals the 
drag-out from tank 7. Also, after this 
water is evaporated, the solution has 
once again the approximate com- 
position of the plating bath. This 
means that there is always room for it 
in the plating tank. 

It may be observed that it would be 
very desirable to blowoff the bulk of 
the concentrated solution over the 
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FIGURE 2.—Schematic diagram of spray and blowoff in tank 7, 
where major part of chromic acid is recovered. 


plating tank itself, but for mechanical 
reasons that was not practical. 


Design of Evaporator 


The design of the evaporator system 
presents a major problem, owing to the 
corrosive nature of hot chromic acid. 
In the past, attempts have been made 
to concentrate chromic acid drag-out in 
open steel or lead tanks, using lead 
steam coils. Invariably these have 
wound up on the scrap heap, because of 
corrosion. Without some method of 
providing enough room in the plating 
tank for the return, it was often neces- 
sary to concentrate to a sirupy liquor, 
which was difficult to handle and very 
corrosive when hot, even to lead. These 
operations were usually performed 
batchwise, and because even dilute 
chromic acid at boiling temperatures 
attacks lead, especially at the air-liquid 


junction, this attack occurred all down 
the side-walls as the liquid level fell 
during evaporation. In addition, the 
lead coils became heavily encrusted, 
which interfered with the heat trans- 
fer. 

In the present design, a Knight con- 
centrator (Figure 3) is used. In this 
unit air is introduced below a bed of 
berl saddles, while the hot (but not 
boiling) liquor is trickled down from 
the top. The air picks up moisture and 
carries it out at the top, passing first 
through another thin layer of smaller 
saddles to remove entrained chromic 
acid. 

At first it was thought that it would 
be satisfactory to operate the heat ex- 
changer with steel tubes, which would 
be expendable but cheap. The loss of 
tubes and consequent shut-down, how- 
ever, proved excessive, and a pyrex 
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heat exchanger is now being used. Low- 
temperature pipelines are of iron; all 
pumps are of Duriron. One interest- 
ing feature is the use of Teflon enve- 
lopes surrounding the gasketing ma- 
terials at the flanged joints of the 
pyrex assembly. <A Teflon envelope 
shaped like a flattened inner tube, but 
open on the outside diameter, is used. 
This permits the insertion of a split 
gasket of any convenient material, 
which is then effectively insulated from 
the action of the solution. 

It has already been observed that the 
function of the concentrator is to 
evaporate the water added to tank 8 
and used for the sprays in tank 7. Be- 
cause the ultimate loss of chromic acid 
is controlled by the equilibrium con- 
centration in tank 8, it is essential to 
keep this concentration at a minimum. 
This is done by making the flow of 
fresh water and spray equal to the 
evaporation capacity of the concen- 
trator. One can caleulate what savings 


in chromic acid are possible for a given 
size of evaporator, and thus choose the 
most economical size for the job. Due 
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4 1182 CFM SATO, AIR 


205 


TABLE I.—Design Data for Chromic Acid 
Recovery System 


Trans- 
fer or | CrOs 
Factor Drag- | Cone. out or 
/ Transfer 
fr.) (lb. /hr.) 
Drag-out from plating tank 6| 20 48 60 
from rinse tank 8;| 20 6.1 0.8 
joss 
Water feed to rinse tank 8 85.4 0 
Draw-off from empty tank 7 85.4 11.1 59.2 
Vapor from concentrator 64.2 0 0 
Return to plating tank 6 21.2 44.6 59.2 


allowance must be made for the savings 
in disposal plant installation and oper- 
ating costs. 

Without going into too much detail, 
the recovery system was designed on 
the basis shown in Table I and Figure 

Based upon the data in Table I, the 
drag-out from the plating tank (60 
Ib. of chromic acid per hour) would be 
a total loss if no recovery of any kind 
were used. By actual measurement at 
various times, it was determined that 
the double rinse recovery tanks were 
saving one-half of this drag-out, corre- 
sponding to 30 lb. of chromic acid per 
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FIGURE 3.—Diagram of Knight concentrator for chromic acid recovery. 
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hour. Use of the evaporator and the 
combination spray and blowoff ar- 
rangement has reduced this loss again 
by more than 50 per cent, correspond- 
ing to a saving of at least 45 lb. of 
chromic acid per hour. Recent checks 
have shown that the loss may be as low 
as 3 lb. of chromic acid per hour using 
the latter method of operation. 

Other means of recovering the drag- 
out have been proposed, such as vae- 
uum evaporators and ion exchangers. 


February, 1952 


All of these systems, including the one 
described here, have the advantage that 
the waste disposal problem is handled 
right at its source by reducing the 
waste concentration before the waste is 
treated. 
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DISCUSSION 


By Down E. BLoopeoop 


Professor of Sanitary Engineering, 


The authors have outlined an in- 
dustrial waste problem and have de- 
scribed in detail how it was solved. 
So many industrial waste problems 
seem to be monstrous until a thorough 
analysis of all factors has been made. 
In many instances the so-called in- 
dustrial wastes are not materials left 
over from the manufacture of a par- 
ticular item, such as the vines in the 
production of canned peas, but they 
are a usable product, such as the 
paint lost in spray painting. 

There is absolutely no reason to 
doubt the statements made by the au- 
thors regarding the savings resulting 
from their described recovery proces- 
ses. It is not often that industries will 
report extensive losses prior to their 
giving attention to them, probably be- 
cause the engineers and executives can- 
not believe that they could possibly 
have been so wasteful and still have re- 
mained in business. 

There seems to be no basic reason 
why the evaporation or concentration 
method cannot be operated successfully 
and it should not be frowned upon be- 
cause of a few difficulties with control 
apparatus. 

Perhaps a somewhat less effective 
method of elimination of drag-out 
might in some instances suffice; if it 


Purdue University, Lafayette, Ind. 


will, it might be possible to encourage 
the development of a vibrator that 
will shake off most of the plating solu- 
tion prior to rinsing. Attempts have 
been made to get plating machine 
manufacturers to develop such a vi- 
brator. The effectiveness of such 
equipment has been and can easily 
be demonstrated by having someone 
lightly tap the plating rack with a 
wooden mallet. 

There have been some who objected 
to the use of air blasts in removing 
plating solutions containing cyanide 
for fear that enough cyanide might be 
blown into the air to cause poisonings. 
Hoods and vents can be devised to 
overcome such dangers. 

It would seem that the corrosion 
problem mentioned by the authors 
might be partially overcome by build- 
ing the evaporator equipment in such 
a way that the heating units and tank 
linings were the materials to receive 
plating deposits instead of being cor- 
roded away—in other words, bring 
about electrolytic protection of the 
evaporating equipment. 

The straightforward reporting of the 
authors states again that the reduction 
in manufacturing losses is very effec- 
tive in the solution of industrial waste 
problems. 
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THE PLATING WASTES PROBLEM FROM THE 
ELECTROPLATER’S VIEWPOINT * 


By A. K. Granam H. L. 


President t+ and Chemical Engineer, respectively, Graham, Crowley and 
Associates, Inc., Jenkintown, Pa. 


Increasing emphasis on stream pol- 
lution abatement and the treatment of 
electroplating wastes in recent years 
has focused attention on the very com- 
plex nature of the problem, and the 
purpose of this paper is to discuss sev- 
eral aspects of the problem from the 
electroplater’s viewpoint. An attempt 
is made to define the electroplating in- 
dustry and the nature of the plating 
waste. A distinction is made between 
plants discharging waste into public 
waters and into municipal sewers, and 
the problems related thereto are briefly 
discussed. Finally, the interdependence 
of the sanitary engineer (or architect) 
and the electroplating engineer for suc- 
cessful handling of plating waste prob- 
lems is emphasized. An additional ob- 
ject of this paper is to effect a better 
understanding of the plating waste 
problem mutually among the several 
groups concerned—the plating in- 
dustry, the sewage treatment group, 
and those responsible for maintaining 
the purity of public waters. 


The Plating Industry and Plating 
Waste 


The electroplating industry may be 
considered to cover broadly all kinds 
of metal finishing. This would include 
electroplating, electroforming, chemi- 
cal coloring, surface treatment with 
phosphates or chromates, anodizing, 
painting, and laequering. The base 


* Presented at 24th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; St. Paul, Minn.; Oct. 8-11, 1951. 

t Also Executive Secretary, American Elec- 
troplaters’ Society, Inc. 


metals involved may be copper; fer- 
rous alloys, including stainless steels; 
and alloys of copper, zinc, aluminum, 
magnesium, and lead. Non-metallic 
base materials (such as plaster of 
Paris, plastics, ete.) may also be elec- 
troplated. Acids and alkalies, both 
concentrated and diluted, are used in 
the preparation of the base surfaces 
for the various finishes. The plating 
baths may be acid or alkaline and are 
almost without exception water solu- 
tions of salts of the metals to be de- 
posited. Therefore, the waste from a 
plating establishment may include any 
combination of the metals and anions 
shown in Table I. 

It is probably safe to say that the 
waste from any one plant would never 
contain all of the constituents listed 
in Table I and, ordinarily, ingredients 
contributing to B.O.D. are low. How- 
ever, plating wastes may vary greatly, 
as compared to most plant wastes, since 
any combination of these constituents 
may be present and in widely different 
amounts. Because of this, an analysis 
of the proper handling and treatment 
of each plant’s waste on an individual 
basis is essential. Also, the cost of the 
installation and its operation may vary 
widely. 

The electroplating industry may also 
be classified as to the type of establish- 
ment; namely, (1) job or contract plat- 
ing shops, and (2) concerns manufac- 
turing a great variety of end products, 
from automobiles to costume jewelry, 
which do most of their own metal fin- 
ishing. The essential difference is that 
job shops are primarily concerned with 
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TABLE I.—Possible Constituents in 


Electroplating Waste! 
Metals Anions 


Ammonium 
Sodium OH 
Potassium SO, 
Calcium PO, (or complex) 
Magnesium NO; 
Aluminum NO; 
Zine Cl 
Cadmium 
Nickel F 
Cobalt 
Tron BF, 
Chromium CrO, 
Lead CN (free or complex) 
Tin CNO 
Copper CO; 
Silver? SiO; (or SiO,) 
Gold? R,COO! 
Indium? R,SO; 
Platinum group? SO; (or equiv. source of SO.) 
1 Paint waste, solvents, and lubricants may 
also be present. 
? These high-cost metals are usually removed 
by recovery methods. 
?Such as formates, acetates, citrates, and 
tartrates, as well as higher fatty acid salts. 


metal finishing but not manufacturing, 
whereas the other concerns manufac- 
ture products, the finishing of which is 
a very important requirement. The 
latter type concerns represent about 
80 to 90 per cent of the electroplating 
industry in terms of the capacity of 
facilities installed or the quantity of 
metals and chemical consumed. 


The Waste Problems 


It should be pointed out that the 
chemical nature of the plating waste 
and the kind of problems which its 
disposal presents are not usually dif- 
ferent for either type of electroplating 
establishment. Actually, the kind of 
finishing operations employed in a 
plant will determine the chemical na- 
ture of the waste. This will also have 
a direct bearing on some of the prob- 
lems involved in the treatment of the 
waste. However, the most difficult 
problems may arise because of the spe- 
cific location of the plant. This phase 
of the subject is discussed later. 


SEWAGE AND INDUSTRIAL WASTES 


February, 1952 


The plating industry generally rec- 
ognizes that the treatment of various 
kinds of plating wastes—such as pickle 
liquor, eyanides, chromie acid or chro- 
mates, organic matter of various kinds, 
and other plating wastes, comprising 
salts of the heavy metals used in plat- 
ing—naturally differ. The industry 
is also seeking needed information on 
treatment methods, analytical con- 
trols, and standards, as indicated by 
the following activities: 


1. Waste treatment studies under 
the research program of the American 
Electroplaters’ Society. 

2. Related studies on the establish- 
ment of standards for waste treatment 
conducted by the Metal Finishing In- 
dustry Actions Committee of the Ohio 
River Valley Water Sanitation Com- 
mission. 

3. Company-sponsored investiga- 
tions, as reported from time to time 
in the technical literature and in pri- 
vate communications. 


The trend in much of the latter ac- 
tivity is toward the reduction or com- 
plete elimination of certain wastes 
through engineering improvements in 
the recovery of spray paint residues 
and drag-out from plating and finish- 
ing operations, and in more efficient 
use of rinse waters. This is one of the 
most promising approaches to the so- 
lution of the whole plating waste prob- 
lem, as economies affected in the recov- 
ery of chemicals and in the reduction 
of waste to be treated both hasten and 
encourage compliance on the part of 
the industry. To further emphasize 
the possibility of these economies, one 
need only point out that, on the basis 
of the cost of chemicals alone, 


1. A pound of sodium cyanide in a 
waste costs 18¢, and the chlorine re- 
quired for its complete destruction 
costs 80¢. 

2. A pound of chromic acid in a 
waste costs 28¢, and the ferrous sul- 
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fate and sulfurie acid required for its 
complete reduction may cost 23.5¢, in- 
cluding handling charges. 


Plant Location 


The influence of a plant’s location on 
the problems encountered in the treat- 
ment of waste is not as clearly under- 
stood as the technical aspects previ- 
ously discussed. It is also much more 
difficult to evaluate. In the case of 
plants discharging waste directly into 
public waters, rather than through 
sanitary sewers, the requirements for 
treatment not only vary from state to 
state, but also at different locations 
within a state. Because of this and 
the fact that conditions vary from one 
plant to another, the specific waste 
problem of each plant must be dealt 
with individually by the state’s engi- 
neers. Fortunately, these officials have 
generally assumed a realistic attitude 
in these dealings. Otherwise, the in- 
dustry would be faced with much 
greater hardships. 

Plating plants located in urban areas 
and obliged to discharge waste into 
sanitary sewers may be faced with 
even more serious problems. In the 
first place, the local municipality is 
responsible for its own sewer ordi- 
nances, which distribute the responsi- 
bility more widely than when dealing 
with state authorities. As pointed out 
in the Federation’s ‘‘Manual of Prac- 
tice No. 3’’ (1949), ‘‘the specifications 
of what may and what may not be dis- 
charged to the various types of public 
sewer systems is a major responsibility 
of the sewer ordinance. Practice in 
prevailing codes with respect to this 
item is again highly variable.’ Ad- 
justment of the pH of the waste to 
avoid corrosion of the sewer system 
and interference with the biological 
reactions is generally required, but 
there is not too much agreement as to 
the pH value. Some municipalities 
will accept plating waste with appreci- 
able quantities of B.O.D., suspended 


THE PLATING WASTES PROBLEM 


209 


solids, or cyanides and copper, where- 
as others set limits or require sub- 
stantially complete elimination of cer- 
tain constituents before discharging the 
waste into the sewer. 

Under what conditions can these con- 
stituents be discharged into sewer sys- 
tems without adverse effects upon the 
sewage treatment processes and what 
limited amounts can be safely handled? 
It is of vital importance to the electro- 
plating industry that these matters be 
clarified. The plant discharging into 
a municipal sewer is always located in 
an area in which ground or floor space 
is relatively scarce and costly. There- 
fore, to carry out any waste treatment 
creates an unusual economic problem 
and in some instances an impossible 
space problem. 


Cooperation of Engineering Talent 


There is one other phase of the plat- 
ing waste problem that should be dis- 
cussed ; namely, how can a plating con- 
cern best proceed in solving its own 
waste disposal problems? There is a 
tendency to believe that this is a job 
for the sanitary engineer, although in 
some instances the responsibility may 
be assigned to an architect. However, 
Price recently stated, in a paper pre- 
sented at the annual convention of the 
American  Electroplaters’ Society, 
‘“‘With few exceptions, consulting en- 
gineers will not have a background in 
electroplating and are likely to be un- 
familiar with the special problems of 
this industry.’’ This point needs spe- 
cial emphasis because of the complex- 
ity of the problem and because a treat- 
ment plant for plating waste must per- 
form successfully by meeting the stand- 
ards prescribed for the plant effluent. 
It must also satisfy any anticipated in- 
crease in load or process changes and 
still operate at the lowest possible cost. 
To accomplish this, the services of a 
competent electroplating engineer will 
be needed because the design data upon 
which the treatment plant is to be en- 
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gineered should be supplied by him. 
Fortunately, many of the larger manu- 
facturing concerns have able electro- 
plating engineers in their employ, and 
competent consultants are also avail- 
able. 


Summary 


1. The chemical nature of a plating 
waste is determined by the kind of 
plating or finishing operations em- 
ployed in a plating establishment and 
not by the type establishment as de- 
fined. 

2. The technical problems involved 
in the treatment of plating waste are 
generally understood and are being 
further investigated by the industry. 

3. The problems in waste treatment 
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related to a plant’s location involving 
the discharge of waste into public wa- 
ters or municipal sewer systems are 
varied, difficult to define, and require 
realistic cooperation on the part of 
state and municipal officials to avoid 
undue hardships in the industry. 

4. There is a need for information 
on the effect of plating waste ingredi- 
ents on sewage treatment processes as 
an aid to the industry in order to de- 
termine what ingredients may be tol- 
erated, in what concentrations, and 
under what conditions. 

5. Services of a competent electro- 
plating engineer, in addition to those 
of a sanitary engineer, are required for 
satisfactory handling of electroplating 
waste problems. 


DISCUSSION 
By S. WIsE 


Chief Engineer, State Water Commission, Hartford, Conn. 


The authors have presented certain 
phases of the plating wastes problem 
that deserve more emphasis and stimu- 
late comments from somewhat differ- 
ent viewpoints. They have stated that 
one of the objects of the paper is to 
effect a better understanding among 
the different groups of interests con- 
cerned. This is most commendable, 
because those who, for years, have 
butted their heads against the stone 
wall of pollution abatement have real- 
ized that one of the main barriers to 
the solution of many of these problems 
was the lack of interest and the lack 
of understanding and cooperation be- 
tween the industrialist, the local citizens 
and municipal officials, and the pollu- 
tion abatement agency. Some of the 
difficulties may have been due to the 
fact that the problems were viewed 
through different ends of a telescope. 
It would be helpful if everyone looked 
through the same end of the telescope, 
even though the focus has to be ad- 
justed to fit individual viewpoints. 


This is all the more important for 
an industry producing wastes with 
such a variety of ingredients, degrees 
of toxicity, and, sometimes, such dam- 
aging effects upon the receiving waters. 
The program of the American Electro- 
platers’ Society, including research in 
the production, handling, treatment, 
and disposal of these types of wastes, 
is a credit to the industry and should 
be generously supported so that at 
an early date corrective measures can 
be applied to the many plants creating 
serious conditions in receiving streams 
and sewage systems. A great advantage 
of A.E.S. is that its members look to it 
for guidance and help. 

The authors quite appropriately 
point out some of the difficulties due 
to plant location, whether directly on a 
river or on a sewage system. It is 
probably a fact that if the industrial- 
ists had been sufficiently cognizant of 
the need for and the importance of ad- 
equate waste disposal facilities when 
locating their manufacturing plants, 
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many of these problems today would 
not exist or would be considerably 
simplified. Even today, with the great 
national emphasis on the importance 
and need for adequate waste treat- 
ment, this problem is either overlooked 
or given only a casual consideration 
in the selection of new industrial sites. 
It is only natural for an industry to 
expect sewage facilities for disposal of 
its industrial wastes when its taxes are 
helping to build, operate, and maintain 
these great assets of sanitation; but 
their acceptance would not be fair if, 
because of the volume or character of 
its wastes, increased costs of operating 
the system place an unjust burden 
upon all the other users. It is more 


than safe to assume that the average 
industrialist, when informed of the pos- 
sible difficulties, would not expect to 
utilize such facilities to the detriment 
of the municipality. 

It is almost startling to realize how 


low the concentrations of certain sub- 
stances may be to adversely affect sew- 
age treatment processes. For example, 
if 2 p.p.m. each of copper, zine, and 
nickel were discharged constantly to 
a sewage treatment plant and if it is 
assumed that 50 per cent of these 
metals (1 p.p.m.) were precipitated in 
the sludge, then the concentration of 
each would be about 400 p.p.m. There 
is not complete agreement on the toxic 
effect of these metals upon sludge di- 
gestion processes. However, it is gener- 
ally conceded that up to 100 p.p.m. 
copper has a beneficial effect upon di- 
gestion, but above 200 p.p.m. the toxic 
effect becomes increasingly detrimental. 
The combined effect of these three 
metals alone might be most damaging. 

Furthermore, if low concentrations 
of chromium reached a sewage treat- 
ment plant employing secondary treat- 
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ment (either trickling filters, sand fil- 
ters, or activated sludge), this metal 
in its chromic and most toxie form 
would not be precipitated in the sludge, 
but would pass through the settling 
tanks into the secondary processes and 
there inhibit nitrification and the bio- 
logical processes. In some instances, 
the treatment of industrial wastes 
necessary for discharge directly to a 
waterway would be less stringent, or 
at least no more stringent, than that 
required for discharge to a sewer sys- 
tem. Therefore, in such cases why 
burden the sewer system with the ad- 
ditional volumes of water? Serious 
thought should be given to the dis- 
charge of detrimental industrial wastes 
or industrial wastes in general to sewer 
systems where secondary sewage treat- 
ment processes may become necessary 
at some future time, because it is pos- 
sible that such discharges might pre- 
vent the use of higher degrees of sew- 
age treatment, especially if biological 
processes are included. Character and 
volumes of industrial wastes may 
change quickly and radically. 

The authors emphasize the need of 
all parties to assume an informative 
and realistic approach to avoid undue 
hardships in the industry. In this, all 
can concur. However, it is also neces- 
sary to realize that the industry is a 
part of the community in which it is 
located and one is mutually dependent 
upon the other so that an injury to one 
is reflected in some degree upon the 
other. This fact underlines the au- 
thors’ suggested place of the electro- 
plating engineer, because pollution 
abatement work starts in the plating 
room and a close cooperation between 
the electroplating engineer and the 
sanitary engineer is bound to result in 
the most satisfactory and economical 
solution. 
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DETERMINATION OF TOTAL AND REDUCING 
SUGARS IN CITRUS WASTES * 


By W. N. Wetts, P. W. RourpauGH, AND GLEN A. Dory 


Respectively, Engineer’s Assistant, Citrus-Canning Waste Research Project; Director, Citrus 
and Vegetable Training Center, Texas College of Arts and Industries; and Project 
Supervisor, Citrus-Canning Waste Research Project, Weslaco, Tez. 


The Benedict method (1) for the 
determination of reducing sugars has 
been used extensively by the writers, 
but has never been entirely satisfac- 
tory, due to the difficulty of obtaining 
reproducible results. 

The Blish method (2) for the de- 
termination of reducing sugars, de- 
veloped for study of the diastatic value 
of flour, was adapted for the determina- 
tion of sugars in orahge juice and 
orange peel by Rohrbaugh (3). 
sriefly, the method consists of the 
alkaline oxidation of reducing sugars 
by a potassium ferricyanide solution. 
After oxidation for 20 min. at the boil- 
ing temperature of water, the mixture 
is cooled rapidly and the excess potas- 
sium ferricyanide determined by iodi- 
metric methods. Pritchett and Stevens 
(4) further studied the method as ap- 
plied to citrus products and coneluded: 


1. The excess ferricyanide may vary 
over wide limits without materially 
affecting the accuracy of the results; 
10 ml. of ferricyanide solution are used 
in the test and the excess may vary 
from 0.13 to 7.15 ml. 

2. The oxidation period may vary 
from 18 to 22 min. without seriously 
atfecting the results. 

3. The solution to be tested should 
be near neutral or slightly basic. 


* This investigation was carried on as a 
portion of the Citrus-Canning Waste Research 
Project at Weslaco, Tex., made possible by a 
grant to the Texas State Department of 
Health by the United States Public Health 
Service under the provisions of Publie Law 
845. 


4. The operator is not a critical fae- 
tor, as is the case with the Benedict 
method. 


The present study was undertaken 
to test the applicability of the method 
to the determination of small quantities 
of sugars in citrus canning wastes in 
the presence of domestic sewage. Tests 
made indicate that the method is ex- 
cellent for this purpose. It was found 
that the reducing sugar content of raw 
sewage varied from about 0.004 to 
about 0.01 per cent and that total sugar 
varied from about 0.02 to about 0.03 
per cent. Whether these values ac- 
tually represent sugars in sewage or 
some other easily oxidizable material 
was not determined. Sewage samples 
with known quantities of sugars added 
were analyzed; the sugar found 
checked closely with the amount of 
sugar added. 


Experimental Results 
Five samples of raw sewage were 
obtained from five different towns. 
The samples were filtered and tested 
for reducing and total sugars. The 
tests for reducing sugars were run on 
undiluted samples. The samples for 


TABLE I.—Sugar Analyses of Raw Sewages 


Reducing Sugars, 


Total Sugars, 
as Dextrose (%) 


Sample 
No. as Dextrose (%) 


0.00453 
0.00604 
0.00846 
0.00634 
0.01058 


0.0166 
0.0211 
0.0151 
0.0242 
0.0302 


| 
| 
| 
| 
| 
f 
| 
| 
Se ] 
| 
| 
| 
4 
: 
| 
| | 
| 
| 
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TABLE II.—Recovery of Added Sugar from 


Sewage Samples 
Total S 
Sample | | | | Round, as 
(%) (%) (%) (%) 
1 0.10 | 0.103 | 0.10 0.115 
2 0.20 | 0.204 | 0.20 0.205 
3 0.40 | 0.408 | 0.40 | 0.400 
4 0.80 | 0.800 | 0.80 | 0.814 
5 1.60 | 1.540 | 1.60 1.592 


total sugars had a final dilution of 1:10 
after inversion. Table I shows the 
results of these analyses. 

Various percentages of dextrose and 
sucrose were added to the samples of 
filtered sewage. The samples were then 
analyzed for reducing and total sugars. 
The results of these analyses are shown 
in Table II. 

Table III shows the results of tests of 


miscellaneous citrus products and 
wastes. 
Method for Determining 
Total Sugars 
1. Reagents 
1.1. Acetic acid mixture. Dissolve 70 


g. of KCl and 20 g. of ZnSO,-7H,O 
in about 500 ml. of distilled water. 
Add 200 ml. of glacial acetie acid and 
make up to 1 1. with distilled water. 

1.2. Potassium iodide. Dissolve 500 
g. of KI in distilled water and make 
up toll. Add a few drops of NaOH 
solution to prevent the formation of 
free iodine. 

1.3. Starch solution. Triturate 5 g. 
of starch into a paste with a little 


TABLE III.—Sugar in Citrus Products 


DETERMINATION OF SUGARS 


and Wastes 
Reducing Total 
Sample | 
(%) (%) 
Canned grapefruit juice _ 8.39 
Canned orange juice _ 9.89 
Citrus molasses 26.50 34.20 
Peel bin drippings 6.02 8.30 
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water, and add slowly to 1 1. of boiling 
water. Boil for 1 or 2 min., cool, and 
add about 0.2 g. of salicylic acid. Al- 
low to settle overnight and decant the 
clear solution. 

1.4. Sodium thiosulfate, 0.025 N. 
Dilute 250 ml. of 0.1 N sodium thiosul- 
fate to 1 1. with distilled water. The 
0.1 N thiosulfate is standardized by the 
method given in Theroux, Eldridge, 
and Mallmann (5), as follows: 

Dissolve 24.820 g. of sodium thiosul- 
fate in distilled water and make up to 
11. Add 0.2 per cent of sodium hy- 
droxide as a preservative. Standard- 
ize against 0.1 N potassium biniodate 
(KIO,-HIO,), which is prepared by 
dissolving 3.250 g. of the dry salt and 
making up to 11. Dissolve about 5 g. 
of KI erystals in about 100 ml. of dis- 
tilled water. Add 10 ml. of 1:10 H,SO, 
and exactly 25 ml. of the biniodate 
solution. Titrate the liberated iodine 
with thiosulfate and adjust the nor- 
mality of the thiosulfate until it is 
exactly 0.1 N. 

1.5. Potassium ferricyanide, 0.05 N. 
Dissolve 16.50 g. of dry K,Fe(CN), 
and 22.00 g. of Na,CO, and dilute to 
1 1. with distilled water. Keep in a 
dark bottle. Standardize the ferricy- 
anide against the thiosulfate as follows: 
To 10 ml. of the K,Fe(CN), solution 
add 25 ml. of the acetic acid mixture 
(1.1.) and 1 ml. of potassium iodide 
solution (1.2.) A creamy orange pre- 
cipitate will form at this point. Titrate 
with standard thiosulfate solution 
(1.4.), adding the starch solution just 
before reaching the end point. The 
normality of the ferricyanide solution 
is calculated from this titration value. 

Check the sugar equivalent against a 
standard sugar solution (made up of 
the sugar to be determined). The 
standard sugar solution should contain 
1.0 to 1.5 mg. per ml. ofthe sugar. Dex- 
trose was used for this standardization 
and the procedure followed is the same 
as outlined below for citrus juices, 
starting with (2.3.) and omitting 


| | | 
i 
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(2.10.) One ml. of the ferricyanide 
solution (exactly 0.05 N) was found to 
be equivalent to 1.51 mg. of dextrose. 
Pritchett and Stevens reported the 
equivalence to be 1.585 mg. of dextrose 
per ml. of ferricyanide. 


2. Procedure 


2.1. Strain the juice sample through 
absorbent cotton to remove most of the 
suspended matter. In the case of sew- 
age, filter the sample through qualita- 
tive filter paper. 

2.2. In a large test tube (200 x 
25 mm.) add 5 ml. of the filtered juice 
or waste and 2 ml. of 1:1 HCl and make 
up to about 20 ml. with water. Heat 
on a slow steam bath for 30 min. Neu- 
tralize with NaOH to the end point of 
phenolphthalein and dilute to 500 ml. 
Samples low in sugars should be di- 
luted less. 10 ml. of the diluted sample 
should contain 6 to 10 mg. of reducing 
sugar. 

2.3. Place 10 ml. of the diluted 
sample in a large test tube and add 10 
ml. of the potassium ferricyanide solu- 
tion (1.5.) 

2.4. Heat in boiling water for exactly 
20 min. 

2.5. Cool 
water. 

2.6. Wash into a small flask with 25 
ml. of the acetic acid mixture (1.1.) 

2.7. Add 1 ml. of potassium iodide 
solution (1.2.) 

2.8. Titrate with sodium thiosulfate 
(1.4.) to a faint yellow color. 

2.9. Add 1 ml. of starch solution 
(1.3.) and complete the titration to the 
appearance of a white color. (Note: 


rapidly under running 
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the solution is not clear at this point, 
as in most iodimetric titrations, but the 
end point is very sharp, as the pre- 
cipitate furnishes a perfectly white 
internal background for observing the 
disappearance of the blue color of the 
starch-iodine end point. ) 

2.10. Caleulate the per cent total 
sugar from the amount of ferricyanide 
reduced and the dextrose equivalent 
of the ferricyanide. 


Method for Determining 
Reducing Sugars 


Reducing sugars are determined ex- 
actly as outlined previously for total 
sugars, omitting step 2.2., neutralizing 
the juice or waste to the phenolphtha- 
lein end point with NaOll and diluting 
5 ml. of the sample to 200 ml. instead of 
500 ml. Samples low in sugar should 
be run without dilution. 
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DETERMINATION OF FAIR SEWAGE SERVICE 


CHARGES FOR INDUSTRIAL WASTES—A 


Mr. Schroepfer has performed a 
valuable service to the profession in 
pointing out the way in which the 
fundamental principle put forward in 
the Joint Group Report may be ap- 
plied in arriving at fair charges to in- 
dustries. 

As ‘‘fairness’’ involves payment 
of the share of total required revenues 
in proportion to the uses made and to 
the benefits received, the computation 
of a fair charge for one class of bene- 
ficiary must at the same time result 
in fairness to the other classes. Thus, 
Mr. Schroepfer’s computation of fair 
charges to a major wet industry re- 
sults, as well, in fair charges to the 
major dry industry, the small wet in- 
dustry, and the typical residence. It 
also results in fair charges to unde- 
veloped property, which, although not 
using the system, nevertheless is bene- 
fited and should contribute a fair share 
of the needed annual revenues. 

In nearly all cases where the con- 
tributions of wastes by one or more 
industries materially affect the basis of 
design of the treatment facilities, spe- 
cial studies of the fair share of the 
total annual costs to be charged to the 
industries should be made. 

A contract recently executed be- 
tween the Sanitary District of Decatur, 
Ill, and the A. E. Staley Manufactur- 
ing Company, which contributes a high 


* Presented at 24th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; St. Paul, Minn.; Oct. 8-11, 1951. 
The original paper was published in THis 
JOURNAL, 23, 12, 1493 (Dec., 1951). 


DISCUSSION * 


By Tuomas M. NILes 


Partner, Greeley and Hansen, Consulting Engineers, Chicago, Ill. 
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proportion of the total quantity, sus- 
pended solids, and B.O.D. for the en- 
tire district, provides for payment by 
Staley of charges computed by a 
method quite similar to that described 
by Mr. Schroepfer. 

The contract calls for payment by 
the industry of its fair share of the 
total annual Sanitary District costs, in- 
eluding (1) operation, (2) rehabilita- 
tion and minor improvements, (3) ad- 
ministration, and (4) bonds and 
interest. Computations which included 
an analysis of the costs and benefits of 
the system resulted in the allocation of 
about 50 per cent of the total annual 
cost to use, and about 50 per cent to 
the public and property benefits. 

The use portion of the total annual 
costs was broken down into the shares 
applicable to quantity, suspended sol- 
ids, and B.O.D. Use charges to the in- 
dustry, which include rates per million 
gallons of quantity and per thousand 
pounds of suspended solids and B.O.D., 
are computed quarterly, based on rec- 
ords of costs and determinations of 
the quantities and loads contributed 
by the industry in proportion to the 
totals for the district. The public and 
property charges to the industry are 
based on assessed valuation. 

The methods of computing the rates 
and charges are subject to renegotia- 
tion in case of future changed condi- 
tions. 

Prior to this agreement, the district, 
for many years, has obtained all of 
its required revenue from a tax levy, 
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TABLE I.—Allocation of Fair Value of Water System to Use and Benefit Classifications 


Per Cent Caused By Amount of Fair Value Caused By 


Fair Value 
Item or Amount Fire 
Publie | U. Pro- Public J Property 
tection 


Intake: 
Crib 
Intake pipe 
Low-lift pump. sta.: 
Structure 
Equipment 
Force main to filt. plant 
Filtration plant: 
Pretreatment, chem. 


Structures 
Equipment 
asins und filters: 
Structures 
Equipment 
Filtered water res. 
Elevated storage 
High-lift pump. sta.: 
Structures 
Equipment 
Feeder mains, over 24 in. 
Distribution system: 
Pipe 24 to >12 in. 
Pipe 12 to 8 in. 
Pipe 6 in. 
Pipe <6 in. 
Meters 
Yards, equip. and stores 


=> 


SOO OW 


Ss 


OOo 


SSS 


on 


| 
| 


Total '$18,850,000 
Percentage 100.0 


$942,000 |$7,980,800 
5.0 42.3 


TABLE II.—Allocation of Annual Cost of Operation of Water System 


Item Per Cent Caused By Amount Caused By 
Total 
Fire 
Description Public] Use | | Public 
y tection 


$ $ 200 


Intake 

Low-lift pump. station: 
Labor 2, 5. J ’ 2,100 
Power 3.2 31. 2,400 
Other 3. 400 

Force main to filt. plant 


Filtration plant: 
Labor 
Power 
Chem. and supplies 
Other 


o 


Storage works 


o 


High-lift pump. station: 
zabor 


Power 
Other 


Distribution system: 
Mains 50, § J 75,000 
Meters 300, 5. i 0 


Yards, equip. and stores 10,000 
Sub-total ,037, : 5. 2. .7 |$189,500 |$51,850 
Administration! 350,00 : 5. , ; 64,000 | 17,500 
Sub-total 


Sub-total 387, 0 | 62. $253,500 |$69,350 |$859,350 
serv AUS - 


Total $2,424,000 | 


' Allocated in proportion to the sums of all other items. 
* $18,850,000 at 5.5 per cent. 


4 
$ 300,000 0 | 5.0 | 31.7] 63.3 |s 0 |$ 15,000 |$ 95,000/$ 190,000 
1,200,000 0 | 5.0 | 31.7] 63.3 0} 60,000 | 380,000} 760,000 
350,000 0 | 5.0 | 31.7] 63.3 0} 17,500 | 110,800} 221,700 \ a 
300,000 © | 5.0 | 76.0] 19.0 15,000 | 228,000 57,000 
1,000,000 0 | 50 | 31.7] 63.3 0} 50,000 | 317,000} 633,000 
400,000 0} 20,000 | 127,000} 253,000 
80,000 0} 4,000 61,000 15,000 
1,000,000 0} 50,000 | 317,000] 633,000 
eS 320,000 0} 16,000 | 243,000 61,000 
500,000 | 250,000} 25,000 | 150,000 75,000 
100,000 50,000} 5,000 40,000 5,000 
330,000 165,000} 16,500 | 49,500| 99,000 
420/000 210,000} 21,000 | 168,000 21,000 
3,250,000 1,300,000 | 162,000 | 1,430,500] 357,500 
1,300,000 650,000} 65,000 | 468,000] 117,000 
1,800,000 900,000 | 90,000 648,000 162,000 
3,800,000 1,900,000 | 190,000 | 1,368,000} 342,000 
150,000 0} (7,500 | 142,500 0 
250,000 0} 12,500 | 237,500 0 
Page 2,000,000 400,000 | 100,000 | 1,400,000 100,000 
— | 30.9 21.8 
| 
No. Property 
1 |$ 1,300 |$ 2,500 
2 
35,700 | 4,200 
30,400 | 15,200 
5,100 | 2,500 
3 | 1,900 950 
4 | 
80,000 0 85.0 | 10.0 0 | 4,000} 68,000 | 8,000 
Se 8,000 0 75.0 | 20.0 0 400 | 6,000 1,600 
ed 120,000 0 75.0 | 20.0 0 | 6,000 | 90,000 | 24,000 
15,000 0 75.0 | 20.0 0 750 | 11,250 | 3,000 
; 
5 4,000 | 50.0 40.0} 5.0 2,000 200 1,600 200 
58,000 | 50.0 | 5.0 | 5.0 | 29,000] 2,900] 23,200] 2,900 
135,000 | 50.0 | 5.0 | 36.0] 9.0 | 67,500 | 6,750] 48,600] 12,150 
12,000 | 50.0 | 5.0 | 36.0] 9.0 6,000 600 4.300 1,100 
7 
7,500 60,000 | 7,500 
| 15,000 | 225,000 | 60,000 
8 30,000 | 7,500 
$642,350 |$153,300 
9 | 217,000 | 51,500 : 
00 
$204,800 
} 
|| | | | | | 
a 
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TABLE III.—Allocation of Debt Service of 


Water System 
Annual Debt 
Proportioned | Per = 
Item Cc Service at 
Amount t | 5.5 Per Cent 


Fire protection | $5,825,000 | 30.9} $320,000 


Public 942,000 | 5.0 52,000 
Use 7,980,800 | 42.3 439,000 
Property 4,102,200 | 21.8 226,000 

Total $18,850,000 |100.0 | $1,037,000 


of which the share paid by this in- 
dustry is about $8,000 annually (about 
7 per cent of the total). Under the 
new contract, the total payment will 
approach $35,000. Had the charge 
been based on proportionate use alone, 
without regard to property benefits, it 
would have been in the neighborhood 
of double this amount. Neither ex- 
treme is fair. 


TABLE IV.—Allocation of Total Annual Cost of Water System 
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As the fundamental consideration of 
fairness in rates applies equally to 
water and sewage, it is of interest to 
apply procedures similar to those used 
by Mr. Schroepfer to the computation 
of fair charges for use and benefits 
received by similar typical examples 
in connection with the water system. 

Tables I, II, III, and IV present 
computations, for a typical large wa- 
ter system, of the shares of the total 
annual required revenue that should 
be charged to fire protection, the pub- 
lie, users, and properties. These com- 
putations have been made for a much 
larger community than the one used 
by Mr. Schroepfer, but percentagewise 
and from the standpoint of unit rates 
the differences are not great. 

Briefly, the system studied has the 
following pertinent characteristics : 


Item Total 


Share of Each Major Interest 


Fire Prot. 


Publie 


Per cent: 


Admin. and oper. 100.0 18.3 5.0 62.0 14.7 

Debt service 100.0 30.9 5.0 42.3 21.8 
Share: 

Admin. and oper. $1,387,000 | $253,500 $69,350 $859,350 | $204,800 

Debt service 1,037,000 320,000 52,000 439,000 226,000 


Total $2,424,000 
Composite per cent 100.0 


$573,500 
23.6 5.0 53.6 17.8 


$121,350 


Computation of Three-Part Rate 
Assessed valuation 


Buildings or structures $300,000,000 
Land 


Total 


1. Fire protection—to structures 
573,500 
300,000 $1.91; say $1.90 per $1,000. 

2. The public and property 

121,350 

430,800 


552,150 +450,000 = $1.23; 
say $1.25 per $1,000. 


150,000,000 


$450,000,000 


3. Quantity charge 

60.0 m.g.d., of which 48.0 m.g.d. is 
metered. 

48,000,000 X 365 = 17,520,000 M gal. 


1,298,350 
17,520,000 M = 7.4¢ per M gal. 


(This is the average charge per 1,000 gal. and 
this average should be made into a rate struc- 
ture.) 


| 
| 
: 
| | | 
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Total fair value or amount $18,850,000 


$ 1,037,000 
1,387,000 


$ 2,424,000 


Annual debt service 
Annual cost of operation 
Total annual revenue required 


Assessed valuation: 
Buildings 
Land 


$300,000,000 
150,000,000 


$450, 000, 000 
17,520 m.g./year 


Total 
Total metered water 


Table I shows the computations by 
which the total fair value, itemized 
as to major parts of the works, has 
been allocated to the four use and 
benefit classifications. The resulting 
percentages, which apply also to fixed 
charges as shown in Table IIT, are as 
follows: 


30.9% 

5.0% 
42.3% 
21.8% 


Fire protection 
Public benefit 
Use 

Property benefit 


Total 100.0% 
Table II shows similar computations 

for operating costs, which result in the 

following percentage allocations: 


Fire protection 18.3°% 
Public benefit 5.0% 
Use 62.0% 
Property benefit 14.7% 
Total 100.0% 

Table IV shows the combined per 
cent and share of each major interest 
and beneficiary in the total annual 
cost and results in the following al- 
locations: 


Share of Total Annual 
Required Revenue 
Description 
Per Cent 


Amount | 


$573, 500 23.6 
121,350 5.0 
1,298,350 53.6 
430,800 17.8 


Fire protection 
Public benefit 
Use 

Property benefit 


Total $2,424,000 
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Also shown in Table IV are the com- 
putations of a three-part rate, result- 
ing in the following unit charges: 


1. Fire protection, charged to struc- 
tures, at $1.90 per $1,000 of assessed 
valuation of structures. 

2. Public benefit and 
charge, to property, at $1.2 
of total assessed valuation. 

3. Quantity charge, at average rate 
of $0.074 per 1,000 gal. 


property 
5 per $1,000 


For application to the various classes 
of beneficiaries in the examples which 
follow, the average quantity charge is 
assumed to be spread over three brack- 
ets ranging from a high bracket of 
$0.10 per 1,000 gal. to a low rate of 
$0.05 per 1,000 gal. 

The examples for which comparative 
computations of charges by different 
methods are made are as follows: 


Assessed Valuation 
| ($) | Water Used 
Description 
gal./yr.) 
Buildings Total 
Major we wet induatry 400, 000 500.C 000 274,000 
Major dry industry 
Small wet industry 


Residence 


Four methods of charges for water 
use and benefits are compared as fol- 
lows: 


Method 1.—All on general property 
tax. 

$2,474,000. 
Charge = 450.000 = $5 
Method 2.— 

used. 


40 per $1,000. 
All on quantity of water 
000 


17,520,000 
$0.14 per 1,000 gal. 


Average charge = 


High bracket $0.19 per 1,000 gal. 
Intermediate bracket $0.14 per 1,000 gal. 
Low bracket $0.09 per 1,000 gal. 


pe | 

| 

| 

4 

| 

| 
: | 
| 
| 
4 

| 
4 
| 
| 
| 

4 

= 
- 
- 

Z 

100.0 
| 
| 
| 
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Method 3.—24 per cent to fire protec- 
tion on general tax, 76 per cent on 
quantity of water used. 


Kj $584,000 
ire protection = "450,000 
= $1.30 per $1,000. 
Average quantity charge 
$1,840,000 
= 17,520,000 = $0.105 per 1,000 gal. 


High bracket 
Intermediate bracket 
Low bracket 


$0.14 per 1,000 gal. 

$0.105 per 1,000 gal. 

$0.07 per 1,000 gal. 

Method 4.—As computed for Joint 
Group method. 


Fire protection $1.90 per $1,000 


of structures 


Public and property $1.25 per $1,000 
of total 


Use: 


High bracket 
Intermediate bracket 
Low bracket 


$0.10 per 1,000 gal. 
$0.074 per 1,000 gal. 
$0.05 per 1,000 gal. 

Applying each of the four methods 
to each of the typical examples results 
in the following annual charges: 


1 $ 2,700 | $2,700 | $ 430 | $27.00 
2 24,600 256 3,300 20.50 
3 18,850 842 2,654 21.60 
4 15,085 1,521 2,063 24.65 


The total annual charges for each 
example under the four alternate meth- 
ods are shown graphically in Figure 1. 

As for fire protection, the illustra- 
tion is considered to be reasonably cor- 
rect as regards the computation of the 
amount that should be charged for this 
benefit. The application of the charge 
to valuation of structures, rather than 
to total valuation, is believed to be a 
step in the right direction, but is not 
in itself entirely fair, as it does not 
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take into account such factors, among 
others, as relative structure hazards, 
value and hazard of contents, and de- 
ereased fire demands for sprinkler in- 
stallations. 

For either water or sewage charges, 
it must be borne in mind that local 
conditions will affect the computation 
of the shares to be charged to users 
and to properties. Also, it may be ex- 
pected that the conditions will not re- 
main static, and that from time to time 
the allocations should be restudied and 
proper adjustments made. 

Mr. Schroepfer shows, by his tabula- 
tion and diagram, that there are im- 
portant differences in the amounts of 
the sewage charges when computed by 
several alternate methods. The ranges, 
expressed in percentages of the Joint 
Group amounts, are as follows: 


1. For the residence: from a mini- 
mum, based on B.O.D., of 94 per cent 
to a maximum of 500 per cent if based 
on taxes, with the quantity basis 160 
per cent. 

2. For the major wet industry: from 
12 per cent if based on property tax to 
200 per cent if based on B.O.D. In 
this case, the quantity basis is about 
the same, or 97 per cent. 

3. For the major dry industry : from 
6 per cent if based on B.O.D. to nearly 
300 per cent if based on property tax 
alone. On the quantity basis, the 
charge would be 16 per cent of that 
considered fair. 

4. For the small wet industry: from 
10 per cent for the property tax basis 
to 275 per cent for the incremental 
B.O.D. basis, with the quantity basis at 
about 65 per cent. 


Because they most nearly represent 
sound application of the fundamental 
principle, charges computed by the 
Joint Group method are considered 
to be the closest approach to fairness. 
Departures from this method result in 
substantial differences, and the other 
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METHOD 4 


24% to Fire 
Protection 
on Gen. Prop 
Tax. Remdr. 


Fire Pro. to 

Structure Val. 
Pub.& Prop. to 
Total Valuation 


on Quantity Remdr. on Quan. 


$ 27.00 


$ 24.65 


$ 21.60 


Y 


GY 


WZ. 


RESIDENCE 


$ 24.600 


$ 18,850 


MAJOR WET INDUSTRY 


$ 842 


$256 


ZZ 


MAJOR ORY 


INDUSTRY 


$ 2,654 


3 


W, 


"4 


$ 430 


VW, 


SMALL WET INDUSTRY 


FIGURE 1.—Comparative water charges by four alternate methods. 
(See text for description of charge bases.) 
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methods may be considered unfair to 
the degree that they result in such de- 
partures. 

Under present enabling acts, it is 
not always possible to make a separate 
direct charge to property, as in a good 
many cases the charges are limited to 
the actual users of the system. Where 
this is true, a fair allocation of con- 
tributions as between users and prop- 
erty may involve payment of the prop- 
erty portion by the city out of general 


Under date of July 1, 1951, the con- 
sulting engineers for the Schuylkill 
River desilting project have submitted 
their final report on the project to the 
Pennsylvania authorities, for whom the 
work was done. The engineering group 
included the consulting firms of F. R. 
Harris—F. H. Dechant Associates; Day 
& Zimmerman, Inc.; Albright & Friel, 
Ine.; and Justin & Courtney—as joint 
venturers for the Commonwealth of 
Pennsylvania under the name of 
Schuylkill River Project Engineers. 
The project is probably one of the 
most unusual stream clean-up programs 
ever attempted on an entire water- 
shed. The accumulation of anthracite 
culm over a 100-year period rendered 
the river unsightly, subject to high 
flood stages, and generally grossly con- 
taminated, as well as unusable for the 
navigational and _ recreational uses 
formerly associated with it. Removal 
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tax revenues, with only the use portion 
billed directly as a sewage charge. 
The somewhat limited experience to 
date in the application of the funda- 
mental principle put forth by the Joint 
Group has brought out a willingness on 
the part of industries to cooperate, and 
a recognition of its inherent fairness. 
With this the case, it may be expected 
that ways will be found, possibly 
through improved legislation where 
needed, to permit its more general use. 


of these deposits (some 38,000,000 tons) 
from the river channel and banks and 
old damsites along the river, plus re- 
moval of several old dams and con- 
struction of new dams or reconstruc- 
tion of old dams, when combined with 
pollution abatement and prevention ac- 
tivities under the jurisdiction of the 
Sanitary Water Board, will eliminate 
the unsightly and hazardous conditions. 

The project cost reported in the final 
report is $31,784,744.11, not including 
the cost of operating management of 
the project. Besides channel clean- 
ing and improvement, desilting basins 
have been constructed with a view- 
point to removing further silt from the 
river at strategic points along its 
course, thus cleaning up the lower 
stretches. Included in the cost are 
maintenance facilities for this purpose, 
including necessary dredges and other 
plant. 


| 
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Stream Pollution 


NATIONAL WATER RESOURCES POLICY AS RE- 
LATED TO STREAM POLLUTION * 


By L. R. Howson 


Partner, Alvord, Burdick and Howson, Consulting Engineers, Chicago, Ill. 


It would appear that in defining the 
relationship between national water 
resources policy and stream pollution, 
several questions should be answered, 
as follows: 


1. How serious is stream pollution? 

2. Are present controls over stream 
pollution adequate and if not, why not? 

3. At what governmental level 
should stream pollution be controlled? 

4, At whose expense should pollution 
reduction be made? 


How Serious is Stream Pollution? 


Undoubtedly stream pollution exists 
and to an important extent. In the 
recent report of the President’s Na- 
tional Water Policy Commission, ref- 
erence is made to the pollution con- 
ditions disclosed by the U. 8. Public 
Health Service in its survey of 11 
major river valleys said to be selected 
to be representative over the country 
as a whole. From this review the Com- 
mission concluded : 


1. Even though not all streams are 
polluted, the major streams are gravely 
affected and the problem is nationwide. 

2. Pollution is a factor that already 
affects or eventually will affect all 
water resources development, whether 
it be for flood control, irrigation, hy- 
droelectrie power, municipal and _ in- 
dustrial use, or recreation. 

This survey covered 4,409 munici- 
palities and 3,413 industrial plants. 
Forty-three per cent of the cities and 

* Presented at 24th Annual Meeting, Fed- 


eration of Sewage and Industrial Wastes 
Assns.; St. Paul, Minn.; Oct. 8-11, 1951. 


57 per cent of the industries were dis- 
charging untreated wastes, and 800 of 
the treatment plants were overloaded 
or inadequate. 

But there is another side of the pic- 
ture. Sewage and waste disposal really 
had their inception about the turn of 
the century. By 1920 there were 1,000 
municipal sewage treatment plants in 
the United States handling wastes from 
approximately 10,000,000 people; 18 
per cent of the urban population then 
had some form of sewage treatment. 
Figure 1 shows the growth in U. 8S. 
urban population and that part of it 
provided with sewage treatment facili- 
ties. The number of treatment plants 
increased to approximately 2,400 in the 
next decade and 18,000,000, or more 
than 35 per cent, of the urban popula- 
tion was then tributary to sewage 
treatment plants. 

In the next two decades, which em- 
braced the longest depression in U. S. 
history and World War IT, the num- 
ber of sewage plants more than doubled 
and the population served tripled. As 
of 1950, approximately 60,000,600 
people were tributary to more than 
6,700 sewage treatment plants and 65 
per cent of the urban population of the 
United States had some form of waste 
treatment. Figure 2 shows the growth 
in the number of municipal waste 
treatment plants and the percentage of 
urban population having waste treat- 
ment. 

Assuming, for illustration, that the 
waste treatment plants have an over- 
all B.O.D. efficiency of 6674 per cent, 
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FIGURE 1.—Growth in U. S. urban population and population provided with sewage 
treatment facilities. 


that is equivalent to saying that 40,- 

000,000 people in the U. S. are now 

receiving complete sewage treatment. 

The accelerated rate of sewage 

treatment is reflected in the following 

figures : 
Additional Population 
Having Sewage 
Decade Treatment 

Prior to 1900 
1900-1910 
1910-1920 
1920-1930 
1930-1940 
1940-1950 


If this accelerated rate should con- 
tinue, another couple of decades would 
complete the job. Truly, much has 
been accomplished. 


The extent to which sewage treat- 
ment has progressed is, however, not 
universal, and entire rivers, like the 
Ohio, the Connecticut, and others, 
have had substantially no reduction in 
pollution load during this period when 
in the U. S. as a whole, progress has 
been rapid. On these streams, pollu- 
tion is still serious and must be cor- 
rected. 

It should also be pointed out that 
due to the continually increasing per- 
centage of people that live in cities, 
as well as the over-all population 
growth, the urban population has 
doubled in the last 35 years and is 
currently increasing at the rate of ap- 
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FIGURE 2.—Growth in number of municipal waste treatment plants and percentage of 
urban population having waste treatment. 


proximately 1,500,000 per year. New 
facilities will, therefore, be needed for 
this growth. 

Also, as the population density in- 
creases the degree of treatment must 
be stepped up. 

The sum of these two requirements 
illustrates the continuing need for 
additional treatment facilities, a fact 
which has been reflected in waterworks 
expenditures over the last quarter cen- 
tury increasing at a rate 214 times as 
fast as the population. 


Are Present Pollution Controls 
Adequate? 


It is believed the answer to the ques- 
tion about adequacy of present stream 
pollution controls is generally in the 
affirmative, and that the responsibility 
for the correction of conditions which 
are now bad due to failure to keep up 
with the national trend in sewage treat- 
ment or pollution abatement, is largely 


because of the apathy of the contribut- 
ing communities. When community 
filth becomes a personal matter, some- 
thing will be done about it. 

Industrial waste disposal, too, will 
make better progress as the public 
cares for its wastes. Education of the 
publie and research for industry are 
essential steps to continued progress, 
the speed of which will ultimately de- 
pend upon the will of the people to 
clean up the streams. 

At the beginning of the 50-year 
period, during which 60,000,000 people 
have provided themselves with waste 
treatment facilities, there were few 
statutes relating to pollution. Installa- 
tions were largely made for their di- 
rect benefit to the local community. 
When local pollution was corrected it 
was frequently found that conditions 
were still not satisfactory, due to the 
failure of others to likewise clean up. 
This led to the adoption of regulatory 
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statutes by which, in most states, some 
agency such as the Department of Pub- 
lie Health, could investigate pollution 
and order corrective measures. That 
this procedure has been adequate and 
wisely administered is evidenced by 
the cooperation secured. As a result, 
in the last 15-year period, the wastes 
of 30,000,000 people were provided 
with treatment, a number equal to that 
remaining without treatment at this 
time. 

Yes, the patient efforts and educa- 
tional work in the several states have 
been effective. It is believed that pres- 
ent controls, modified in the future to 
meet changing needs, as they have been 
in the past, will continue to be ade- 
quate. 


Level of Pollution Control 


The question continually arises as to 
whether the Federal Government 
should exercise control over the pollu- 
tion of waterways and to what extent, 
if any, it should subsidize the cost of 
waste treatment. Congress, in 1948, 
passed the Water Pollution Control Act 
establishing a policy which recognized 
the primary responsibility and rights 
of the states in controlling water pol- 
lution. The Act further provides a 
relatively minor annual appropriation 
of $22,500,000 for loans to. states, 
municipalities, or interstate agencies 
for the construction of necessary sew- 
age treatment works. The Act also 
authorizes an appropriation of $1,000,- 
000 a year to states for conducting in- 
vestigations, research, and surveys re- 
lating to the prevention and control of 
water pollution caused by industrial 
wastes. A third appropriation of $1,- 
000,000 a year is made as a grant to 
states, municipalities, or interstate 


agencies to aid in financing the cost of 
engineering investigations and other 
action preliminary to the construction 
of projects approved by the appropri- 
ate state water agency and the Surgeon 
General. 

The Federal Water Pollution Control 
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Act has no original enforcement 
powers, but with the consent of the 
water pollution agency of the state 
where the pollution occurs, the At- 
torney General of the U. S. may be 
requested to bring suit against the of- 
fender. 

The Water Pollution Control Act of 
1948 is discussed by the President’s 
Water Resources Policy Commission in 
its recent report, ‘‘A Water Policy for 
the American People.’’ The Commis- 
sion recommended that the Pollution 
Control Act be thoroughly tested, that 
the appropriation for the administra- 
tive and regulatory activities of the 
Public Health Service be increased, 
and that funds for federal loans to 
municipalities and other public bodies 
and industries at not more than 2 per 
cent interest be available sufficient to 
cover the entire amounts required for 
constructing sewage and waste treat- 
ment plants. 

The Commission further recom- 
mended that, ‘‘Plans for construction 
of waste treatment plants, whether 
municipal or industrial, should include 
reasonable provision for: 


(a) Making organic materials in 
waste available for use. 

(b) Utilizing by-product gas. 

(ec) Reclaiming valuable minerals. 

(d) Processing the discharged water 
for re-use by industry or re- 
charging ground water.’’ 


The Commission further recom- 
mended that ‘‘if the Federal-state-local 
cooperative pollution program fails to 
provide the country with clear rivers 
within a period of 10 years, the 1948 
act should be reconsidered with a view 
to providing for Federal enforcement.’’ 

Several aspects of these recommen- 
dations are worthy of further consid- 
eration. First, is that relating to time. 
It is believed unreasonable to predi- 
cate federal enforcement upon the fail- 
ure of present controls ‘‘to provide the 
country with clean rivers within a 
period of 10 years.’’ The pollution 
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cleanup, as hereinbefore shown, has 
been proceeding at a rapid and con- 
tinually accelerated rate. It is be- 
lieved it ought to proceed along these 
evolutionary lines under present con- 
trols, rather than the revolutionary line 
suggested by the 10-year ultimatum. 

Federal jurisdiction should be lim- 
ited to the administration of existing 
laws and to research and guidance to 
the states and local government, so that 
pollution control shall be as uniform 
as practicable under the variable con- 
ditions encountered. 

The President’s Commission report 
in its statement quoted with respect to 
reclamation, amplified further in the 
text, apparently disregards economic 
considerations. It makes the statement 
that ‘‘More than 18 million tons of 
sludge are destroyed annually, and 
(based on the $2 a ton removal rate 
paid in the nation’s capital) at least 
36 million dollars is paid for its re- 
moval. If packaged and sold instead 
of being dumped or burned, this 
sludge would gross nearly 400 million 
dollars a year, net a profit to the cities, 
and return a valuable fertilizer to the 
soil.’’ The writer firmly believes, that 
if packaging and selling of fertilizer 
is tied into future sewage treatment 
projects it would be a serious deterrent 
to the present high rate of plant con- 
struction. In most cases, sludge can- 
not be packaged and sold except at a 
material economic loss. 

The reason that only two or three 
cities, as stated in the President’s Com- 
mission report, are practicing the re- 
covery of sewage plant effluent is again 
evidence of the economies of the situ- 
ation. To require such re-use as a 
prerequisite for the approval of con- 
struction of waste treatment plants or 
prospective loans or grants for such 
construction would surely retard prog- 
ress. 

Let us be realistic, recognizing that 
although sludge and effluent may have 
some value in individual cases, in the 
vast majority of cases any revenue 
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therefrom can only be secured by ex- 
penditures materially in excess of the 
revenues. While the possibility should 
be explored in each case, it is wise to 
stay on veasonably sound economic 
ground and not resort to propaganda 
and hysteria to solve sanitary difficul- 
ties. 

In this connection, such propaganda 
as was shown in a national magazine 
some months ago, in which water in a 
drinking glass was labeled, ‘‘ Filthy, 
but you drink it,’’ is highly mislead- 
ing. The title might more appropri- 
ately have advised the public how 
instrumental improved sanitation has 
been in prolonging life under some 
such caption as, ‘‘Man alive—you 
might have been dead.’’ The positive 
accomplishments of improved water 
purification, sewage treatment, and 
sanitation in general have saved mil- 
lions of lives. Sanitation in the future 
can progress along sound, esthetic, and 
economic lines. 

The President’s Commission recom- 
mends that funds for federal loans to 
municipalities, other public bodies, and 
industries be available at not more than 
2 per cent interest covering the entire 
amounts required to construct sewage 
and waste treatment works. The Fed- 
eral Government would then be in the 
position of a banker responsible for 
the safety of his loans. They should 
only be made for constructing works 
for the benefit of a limited number 
under terms equitable to all other citi- 
zens of the nation. These loans should, 
therefore, be repaid in full with inter- 
est within a period shorter than the 
useful life of the works. The interest 
rate should be such that the Federal 
Government will fully recoup all costs, 
including those of administration. 

It should be pointed out that waste 
treatment is within the economic reach 
of anyone that wants it. By and large, 
practically any community in the U. S. 
that wants sewage treatment can fi- 
nance it at a cost of approximately 1¢ 
per capita per day, which will pro- 
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duce a sum sufficient to provide for the 
interest and amortization of the cost 
and the expense of operating the treat- 
ment plant. If waste treatment cannot 
be sold at so low a cost, people have 
not been sufficiently educated either 
as to the requirements or the cost. 

Grants in whole or in part ought 
not to be made by the Federal Govern- 
ment for waste disposal. 

In the opinion of the author, the 
biggest deterrent to the cleaning up of 
some of the worst polluted streams is 
the idea that possibly if conditions get 
bad enough the Federal Government 
will put up part of the money neces- 
sary to clean up the rivers. Wastes are 
contributed locally; they should be 
abated locally and at the cost of the 
people that create them. 


Who Should Finance Sewage 
Treatment? 


So far as is known to the writer, no 


single pollution problem is nationwide 
or its solution of national interest. 


Each is essentially local, affecting at 
most a few states. 

Although pollution may be more or 
less universal in its distribution, each 
instance and its correction are local. It 
is believed economically sound that 


each pollution problem should be 
solved at the lowest governmental level 
which exercises jurisdiction over the 
watercourse being polluted. In most 
cases that is the local municipality. In 
others, it becomes a group of munici- 
palities, frequently organized as a 
sanitary district. In still others, it 
embraces an entire drainage area and 
that, in a comparatively few cases, ne- 
cessitates interstate compacts. 


Summary 


In summary, it is believed that a 
sound national water policy as related 
to stream pollution should recognize 
that: 
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1. Although approximately two- 
thirds of the urban population of the 
U. S. is now provided with sewage 
treatment facilities, serious stream pol- 
lution persists. 

2. Excellent progress has been made 
in waste treatment, both municipal and 
industrial, under the present system 
of controls. Such controls are be- 
lieved adequate and should be con- 
tinued. 

3. Stream pollution should be con- 
trolled at the lowest practicable level 
of government having jurisdiction over 
the stream. 

4. Sewage treatment should be pro- 
vided by and at the expense of those 
contributing the pollution. In gen- 
eral, municipal waste treatment can be 
provided at a cost of approximately 
1¢ per capita per day. 

5. Federal loans should only be 
made on projects of limited benefit on 
terms which are fair to all other citi- 
zens. This requires that the loan be 
fully repaid within a period shorter 
than the life of the facilities and that 
the interest be sufficient to cover all 
costs incurred by the Federal Govern- 
ment, including administration. 

6. Greater speed in accomplishing 
the complete cleanup will be realized 
if the approval of future construction 
is not predicated upon questionable 
fringe reclamation benefits. Pollution 
abatement and waste treatment are 
essentially economic problems. 

7. Control of pollution and the re- 
sponsibility for its correction now lie 
primarily in the states, where it should 
remain. The Federal Government 
should confine its efforts to adminis- 
tration of existing laws, to research, 
and to guidance to the states and po- 
litical subdivisions in the formulation 
and enforcement of regulations having 
as much uniformity as is consistent 
with the variable conditions encoun- 
tered. 


THE OPERATOR’S CORNER 


Conpuctep .By HerBert P. ORLAND 


INITIAL OPERATION OF TWO-STAGE HIGH-RATE 
TRICKLING FILTER PLANT AT 
MECHANICSBURG, PA. * 


By Harry C. 


Superintendent of Sewers, Mechanicsburg, Pa. 


On September 13, 1950, the Borough 
of Mechanicsburg, Pa., started opera- 
tion of a new sewer system and sewage 
treatment plant, built by the Mechan- 
iesburg Municipal Authority at a cost 
of approximately $1,100,000 and fi- 
nanced by a bond issue of $1,250,000. 
Revenues from the connection fees and 
yearly rentals are to provide sufficient 


income to pay all operating expenses 
and to retire the bond issue in about 


40 years. Operation is controlled by 
the Borough Council under a lease- 
back arrangement. Operation of the 
plant started with a very few residen- 
tial connections (130 as of Sept. 30, 
1950). <A year later about 800 out of 
a possible 2,000 connections had been 
made. 

The gravity collection system consists 
of approximately 17 mi. of clay pipe, 
ranging in size from 8-in. laterals to 
18-in. interceptors. Depth of mains 
varies from 5 to 22 ft., with a very high 
percentage of rock being encountered 
during trenching operations. 

The treatment plant is located west 
of the Borough on part of a 22-acre 
tract purchased by the Authority. 
About 5.5 acres are used by the plant, 
the balance being rented on a eash basis 
to a neighboring farmer. This elim- 

* Presented at 1951 Annual Meeting, Penn- 


sylvania Sewage and Industrial Wastes Assn. ; 
State College, Pa.; Aug. 22-24, 1951. 


inates the expense of keeping the extra 
acreage mowed and provides some addi- 
tional cash income. The effluent is dis- 
charged into Trindle Run, which is a 
very small stream but has a fairly 
steady year-round flow. Because of the 
small receiving stream, a high degree 
of treatment was considered necessary. 
Property owners along the first few 
miles of the stream voiced objections 
to the possible contamination of wells 
and drinking water for their cattle by 
the treated effluent. However, tests of 
such waters were made by the engi- 
neers of the Authority and the State 
Health Department prior to the com- 
pletion of construction; all the wells 
so tested were found to be more or less 
contaminated by sewage bacteria, due 
to raw sewage entering the under- 
ground streams from the sinks and cess- 
pools in the town. It will be interesting 
to note in the future if the construction 
of a sewage works has reduced the pol- 
lution of the underground streams. 


Treatment Plant Design 


The Borough of Mechanicsburg has 
a present population of 6,900, most of 
whom work in nearby towns. The only 
industrial wastes sent to the plant at 
present are contributed by a dairy pro- 
ducing ice cream and condensed milk, 
one commercial laundry, and one Laun- 
dromat. A service station and a res- 
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taurant, situated about 1 mi. out of 
town, send their sewage to the town 
system through their own force main, 
which empties into one of the smaller 
interceptors. Otherwise, all sewage is 
domestic. 

The plant was designed to handle an 
average flow of 0.64 m.g.d. and a peak 
rate of 1.4 m.g.d., with the expectation 
that the borough would have a popula- 
tion of 8,000 in 1970, plus a population 
equivalent of 1,800 persons for the 
dairy. The dairy has changed its pip- 
ing so that all non-contaminated cooling 
water is separated from the contam- 
inated water and disposed of through 
a separate storm sewer system, to re- 
duce the volume of waste discharged to 
the sewage plant. With the present 
population of 6,900, it is expected that 
the normal daily total flow will be less 
than 0.5 m.g.d. At present, with 800 
connections completed and the indus- 
trials included, the average flow is 
about 0.225 m.g.d. 


TWO-STAGE FILTER PLANT OPERATION 


Secondary 
Biot i/ter 
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Only two full-time employees are 
used—the superintendent, who is also 
the plant operator, and an assistant, 
who issues connection permits and no- 
tices, collects and accounts for the con- 
nection fees and rentals, and performs 
the duties of plumbing inspector. Such 
incidental labor as is required about 
the plant is drawn from the Borough 
forces as needed. Because the plant is 
fully equipped with automatic controls 
and an alarm system described later, 
it is as nearly a one-man operation as 
ean be devised under present knowl- 
edge and conditions. 


Treatment Plant Units 


Sewage from the town comes to the 
plant wet well by gravity through an 
18-in. interceptor. Sewage flows are 
measured with a Parshall flume ahead 
of the wet well and recorded on an 
instrument located in the office on the 
upper floor of the control building. 


Primary 
Bioti/ter 


Primar 
Clarifier 


Plant 
Effluent 


Ch/orine 
Contact 
Tank 


Supernatant 


FIGURE 1.—Flow diagram of Mechanicsburg, Pa., sewage treatment plant. 
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Poor measurements were obtained ini- 
tially—until conerete chips and debris 
were removed from the float pit and 
connecting pipes. 

A comminutor and a by-pass bar 
screen are located between the Parshall 
flume and the wet well proper. As con- 
structed, air changes in the wet well 
were secured through a tufbine-type 
thermal ventilator in the roof covering 
the wet well. This ventilator did not 
accomplish its purpose, as it was too 
high above the floor level. A motor- 
driven exhaust fan with a duct reach- 
ing to within 1 ft. of the floor was in- 
stalled to provide a positive change of 
air, thereby making the wet well safe 
for the operator to work in at any time. 

The raw sewage is pumped from the 
wet well to the primary clarifier by any 
one or more of three short-coupled cen- 
trifugal pumps located in the lower 
basement of the control building. One 
pump is of 400-g.p.m. and the other 
two each of 600-g.p.m. capacity. One 


of the large units is for stand-by 


purposes. Repacking of these pumps, 
which discharge to a common header, 
is not a serious problem; but the short 
coupling does make it an awkward one. 
A coupling shaft 6 in. to 1 ft. longer 
would very much simplify the replace- 
ment of packing. In order to equalize 
wear, the controls are shifted every 
two or three weeks, alternating the use 
of the stand-by pump with one of the 
others, ensuring that all pumps will be 
in working order in case of emergency. 
The dry well is equipped with a small 
sump pump, which takes care of seep- 
age, pump leakage, and water used in 
washing the floor. 

The primary clarifier is 45 ft. in 
diameter and 9 ft. deep, allowing a ‘ 
hr. detention period at a flow of 1. 
m.g.d. 


Biofilters 


Weirs divide the clarifier effluent 
flow, sending 500 g.p.m. to the primary 
biofilter and the balance to the sec- 
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ondary biofilter. The primary filter is 
60 ft. in diameter, is equipped with a 
two-arm rotary distributor, and has a 
dosing rate of 10.8 m.g.a.d. at a flow 
rate of 0.7 m.g.d. After four months 
of operation, this filter began to show 
the sought-after green color of a 
healthy active condition. 

When first started, the center column 
of this filter showed a leak in the con- 
crete structure. After investigation, 
it was agreed that the leak might soon 
be sealed by deposits of sewage solids 
in the conerete. This has evidently 
been the case, as no further signs of 
leakage have shown up. Effluent from 
this filter is returned to the primary 
clarifier through a 500-¢.p.m. recircu- 
lating pump. 

The remaining primary clarifier ef- 
fluent is drawn to the secondary bio- 
filter to begin the second recirculation 
stage. The filter is 60 ft. in diameter, 
is equipped with a four-arm rotary 
distributor, and is operated with a 
dosing rate of 20.8 m.g.a.d. at a flow of 
1.34 m.g.d. This filter has operated 
satisfactorily, except for the recent ap- 
pearance of a few ponded areas, be- 
lieved due to fine stone not being cor- 
rectly spread when the filter media was 
placed. 


Secondary Clarifier 


The secondary clarifier has a 2-hr. 
detention period at a flow of 1.34 m.g.d. 
A 500-g.p.m. pump recireculates part 
of the effluent to the secondary biofilter. 
The remainder is discharged to the out- 
fall stream after post-chlorination with 
30-min. contact period. 

Instead of pumping the light sludge 
from the final clarifier directly to the 
digester at stated intervals, the valve 
on the sludge line to the wet well is 
kept partially open at all times, so that 
this sludge is drawn back to the wet 
well and mixed with the incoming sew- 
age. This underflow is estimated to be 
about 10 per cent of the total flow 
through the clarifier. 
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Digester 


The digester, of the fixed-cover type, 
is 45 ft. in diameter and 19 ft. side 
water depth, providing 3.78 eu. ft. of 
digestion space per capita at 8,000 
population. This unit has given more 
problems than all the other units com- 
bined. Leaks around the heat ex- 
changers and the bed plate of the mixer 
were found to be due to two causes— 
faulty gaskets and poor concreting. 
Faulty gaskets were remedied by rais- 
ing the plates and inserting another 
ring of the usual round rubber gasket 
material well-coated with aviation-type 
gasket cement. All bolts were wrapped 
with lamp wicking soaked with white 
lead. <A large washer was then slipped 
over the bolt and the nut drawn down 
tight. In view of this experience it 
seems that the method of gasketing 
these parts would be greatly improved 
by the use of a flat rubber gasket about 
114 in. wide and 14 in. thick, punched 
to slip over the bolts, similar to an 
automotive-type gasket. 

After making sure the gaskets were 
tight, gas leakage was still observed. 
It was necessary to chip out quite a few 
places around the steel work where it 
was embedded in the conerete and seal 
these places with Water Plug and 
grout. Afterwards, a coating of Far- 
bertite was applied and these places 
are now leakproof. However, soap 
tests showed the whole dome to be 
porous. Some of the larger holes were 
chipped out and sealed with Water 
Plug. The whole top was then coated 
with a roof sealer, followed by two 
coats of aluminum-colored roof coater. 

Digestion is proceeding slowly but 
satisfactorily. However, because of the 
small daily inerease of solids in the 
digester, no sludge has as yet been 
drawn. When this becomes necessary 
there are two sludge drying beds, 40 ft. 
by 90 ft., one covered and one open. 
Each is divided into four sections. 
Disposal of dried sludge will not pre- 
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sent any problem. With 3.5 acres of 
lawn to be built and seeded, no sludge 
will be available to outside customers 
for at least a year. Nevertheless, sev- 
eral greenhouse operators and private 
gardeners have called regarding this 
material, and it is anticipated that 
enough demand may be created to 
derive a certain amount of revenue 
from its sale. 


Auziliary Equipment 


The control building and the digester 
are heated by a hot-water generator 
located on the operating floor of the 
control building. This unit is fitted 
to burn either fuel oil or sludge gas, 
the controls being so arranged that the 
changeover from one fuel to the other 
is automatic. An integral water heater 
provides a generous supply of domestic 
hot water at all times. Also on the 
operating floor are the two gas meters 
and other gas controls. 

All equipment on the operating floor 
and in the deep dry well can be easily 
removed for repair or overhaul by 
means of conveniently placed chain 
hoists hung from rollers on |-beams. 

One change was made in location 
of equipment. The small plant water 
pump had been located on the operat- 
ing floor, where it was subjected to 
dampness and splashing of water when 
the floor was washed. Also, the only 
valve on the supply line was near the 
chlorine contact tank. This condition 
was remedied by placing the pump on 
a small shelf about 30 in. above the 
floor and installing valves on the pump 
inlet and outlet connections. This 
makes it possible to remove the pump 
for repairs in a much shorter time and, 
by keeping it above the floor, prevents 
much moisture from entering the motor 
housing. 


Control Equipment 


The main control panel contains the 
main incoming powerline switch and 
breaker and the switch for the emer- 
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gency generator at one end. From 
here the current is divided to 14 other 
440-v. switches and breakers, one for 
each motor on each piece of equipment. 
A small red light shows when each piece 
of equipment is in operation. There 
are also switches and breakers for the 
heating and lighting circuits and the 
110-v. switches for the various lower- 
voltage units in the control building. 
Each motor is also equipped with a 
weatherproof, enclosed ‘‘off-on’’ switch 
within easy reach of anyone working on 
the equipment. 

The raw sewage pump control is a 
float-actuated, mercury switch unit. On 
two different occasions, unusual condi- 
tions caused this unit not to function 
correctly. In the first instance, during 
turbulent flow in the wet well, the float 
got out of the float cage because of 
faulty design of the cage. This condi- 
tion was remedied by covering the cage 
with woven wire fencing with a mesh 
size smaller than the float. 

The other problem occurred when, 
during an extremely severe electrical 
storm, lightning struck through the 
unit, burning two tiny holes through 
the insulation covering the leads from 
the mercury switches to the terminal 
strip. These leads at times would come 
very close to the metal housing of the 
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unit and a short would develop, cutting 
out the pumps. This was difficult to 
locate; before it was completely cor- 
rected, the dry well was flooded to a 
depth of 17 ft., causing much damage. 
After locating the trouble, the housing 
was lined with a piece of insulating 
fiber. 


Emergency Generator 


The emergency generator unit con- 
sists of a 4-cylinder, 77-hp. gasoline 
engine direct-connected to a 37.5-k.v.a. 
generator delivering 440-v., 3-phase, 60- 
eycle current to the main control panel. 
The treatment plant is close to an elec- 
tric substation, but there have been in- 
stances of blackouts lasting for some 
time. The area is also a critical one 
from the standpoint of industrial power 
use. On two different occasions within 
a recent three-month period it has been 
necessary to operate this unit con- 
tinuously for 8 hr. or more. 


Alarm System 


The plant is equipped with an alarm 
system which is the only one of its kind 
known to the writer. Relays operating 
on low-voltage current are connected to 
each of the breakers controlling the 
important operating equipment, to the 


FIGURE 2.—One-man two-stage high-rate filter plant depends on unusual leased-wire 
alarm system to notify of plant emergencies. 
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high- and low-water alarm, to the main 
line switch, and to a 45° minimum tem- 
perature control mounted on the panel. 
The relays have switches and a light 
indicator mounted in the control build- 
ing. The whole unit is connected by a 
leased telephone circuit to a light and 
buzzer in the central fire alarm control 
room in the Borough Hall, where some- 
one is on continuous duty. The alarm 
system is in continuous operation; 
should anything occur to any piece of 
equipment during the absence of plant 
personnel, an alarm is immediately 
sounded in the central office. Three 
persons know what to do at the plant 
in ease of emergency, and one of the 
three must be available at all times. 
The system cost about $325 to install 
and the rental of the connecting tele- 
phone lines is $5.50 per month; how- 
ever, it saves the Borough the salaries 
of one or possibly two relief operators, 
and enables the regular operator to 
enjoy an almost unbroken week-end. 


Meadville, Pa., is located in the 
northwestern part of the state about 
10 mi. from Conneaut Lake, the largest 
natural lake in Pennsylvania, and 
about 40 mi. from Lake Erie. The two 
main industries are the Talon Fastener 
Company, maker of the hookless fast- 
ener, and an American Viscose Com- 
pany rayon plant. As both of these 
plants treat their own industrial wastes, 
the Meadville sewage is essentially a 
domestic sewage, with the exception 


* Presented at 1951 Annual Meeting, Penn- 
sylvania Sewage and Industrial Wastes Assn. ; 
State College, Pa.; Aug. 22-24, 1951. 
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Operating Results 


Under present loads and operating 
conditions, settleable solids removal 
reaches an average of 99.9 per cent, 
such high removal being partly due to 
the long detention period. Suspended 
solids removed drop from 146 p.p.m. in 
the raw sewage to 30 p.p.m. in the pri- 
mary clarifier effluent, and to 2.5 p.p.m. 
in the final effluent. Dissolved oxygen 
shows an increase from 3.5 p.p.m. in 
the primary clarifier effluent to 8.1 
p-p.m. in the final effluent. A chlorine 
residual of 0.5 p.p.m. is carried in the 
final effluent. 

The B.O.D. averages about 315 p.p.m. 
for the raw sewage and 10.9 p.p.m. for 
the effluent. B.O.D. reduction is con- 
sistently better than 95 per cent, with 
an average of 96.4 per cent. The rock 


filters are loaded at about 0.45 lb. of 
B.O.D. per cubie yard of rock. The 
plant was designed for a loading of 
about 1.1 lb. of B.O.D. per cubie yard 
of rock, exclusive of B.O.D. in the re- 
circulated effluent. 


of some wastes from tool plants. At 
times, however, there is an indication 
of batch quantities of an organic clean- 
ing solvent containing a considerable 
amount of oil being discharged to the 
sewers. The city, with a population of 
20,000, is practically 100 per cent 
sewered. 

The effluent from the sewage plant 
flows into French Creek, one of the 
fairly clean streams of Pennsylvania. 
One city below Meadville uses the creek 
for a public water supply, and it is used 
extensively for recreational purposes. 

All sewage received at the plant is 
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pumped from a main pumping station 
through a 16-in. cast-iron main. A 
mechanically cleaned bar screen pro- 
tects the pumps from rags and other 
debris, which are incinerated. The 
sewage is pumped by four vertical cen- 
trifugal pumps with motors installed 
1 ft. above the maximum ftood level. 
The rate of pumping is controlled by 
an automatic float control. The varia- 
tion in the pumping rate is gradual, so 
that sewage flows are delivered to the 
plant at about the same rate that they 
are received at the pumping station. 
There are 13 variations between the 
minimum rate (1,000 g.p.m.) and the 
maximum rate (5,700 g.p.m.) 


Treatment Plant Units 
Primary Settling 


The two rectangular primary settling 
tanks (Figure 1) have a total capacity 
of 312,000 gal. and are equipped with 
endless chain sludge collectors, the 
sludge being pumped from a sump near 
the center wall. Scum can be dis- 
charged from either end of the tanks to 
the digesters or to scum beds. The 
sludge mechanism is operated for about 
1 hr. before pumping, which is done in 
the morning and sometimes during the 
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afternoon, especially during the sum- 
mer. The capacity of the primary 
settling tanks is much larger than pres- 
ently needed. During the night, when 
flows are low, the detention period is 
greatly in excess of that desirable for 
an activated sludge plant. The single 
chlorinator is used for pre-chlorination 
to help prevent the sewage from be- 
coming septic and to aid in controlling 
odors. The primary treatment, sep- 
arate sludge digestion, sludge drying, 
and pre-chlorination units were com- 
pleted in 1932. 


Digestion 


The total capacity of the four di- 
gesters is 130,000 cu. ft., which repre- 
sents 6.5 cu. ft. per capita. Two of the 
units, provided with floating covers, 
heating coils, and gas collecting equip- 
ment, are operated as primary digesters 
in a two-stage system; the two un- 
covered digesters serve as the second- 
aries. Sludge is pumped to each of the 
primaries daily. An effort is made to 
keep the alkalinity of the two primary 
digesters above 2,000 p.p.m. (equivalent 
as CaCO.) and the temperature at 
85° F. Lime or supernatant from the 
secondary digesters has been used to 
maintain this alkalinity. Both have 


FIGURE 2.—Covered and open (right background) drying beds are served by over- 
head monorail carrier system for easy loading of trucks by farmers utilizing sludge for 


fertilizer. 
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FIGURE 3.—Blower building, aeration tanks (foreground), and final settling tanks 
(behind blower building). 


been successful; but the supernatant 
from the secondary digesters proves to 
be more economical and, of course, in- 
troduces nothing foreign to the diges- 
tion system. 


Sludge Drying 

The plant has about 20,000 sq. ft. of 
underdrained sludge beds, with about 
0.3 of the area covered (Figure 2). 
Sludge can be drawn from any of the 
four digesters. The dried sludge is 
given as fertilizer to farmers, who re- 
move the sludge from the beds and 
furnish the trucks for hauling. During 
the last few years the demand for the 
sludge has been great enough to save 
the expense of using city labor and 
trucks for its disposal. 


Aeration and Final Tanks 


The secondary units (Figure 3), con- 
structed from 1937 to 1943, include 
three aeration tanks, three final settling 
tanks, and a building to house two 
electrically-driven blowers and a third 
blower driven by a 45-hp., 3-cylinder 
sewage gas engine. 

The three aeration tanks have a 
capacity of about 1 m.g. Each tank is 
provided with two passes, each pass hav- 
ing two rows of diffuser plates. This 
blower combination gives great flexibil- 


ity in the amount of air used and may 
be varied from a low of 450 to a high 
of 3,000 cu. ft. per min. 

Although three final settling tanks 
were constructed, the third tank has 
not yet been provided with sludge col- 
lecting mechanism. Total capacity of 
the two tanks in operation is 216,000 
gal. Sludge is drawn by gravity from 
each tank to a wet well and returned to 
the aerators by pumping to a manhole 
where it is mixed with the incoming 
primary effluent. 


Operation 


As each aeration and final tank was 
finished, it was put into service on a 
bio-flocculation basis. The primary 
effluent was aerated without return 
sludge and discharged through the final 
tanks to the creek. 

Activated sludge treatment was 
started during the summer of 1944. 
Each year since, the plant has been 
operated on this basis for about seven 
months, returning to primary treat- 
ment during the winter months, when 
the condition of the receiving stream 
does not warrant such a high degree of 
treatment. During the first two years 
of operation laboratory control was 
very limited, consisting only of relative 
stabilities, suspended solids in the 
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mixed liquor, and an occasional check 
by the State Health Department. In 
1946, samples were collected on the half 
hour and composited over a 14-hr. pe- 
riod beginning at & a.m. every other 
Wednesday. The samples were ana- 
lyzed for B.O.D., suspended solids, and 
the other common routine checks made 
on sewage samples. During the sum- 
mers of 1947 and 1948, sampling was 
increased to every Wednesday. The 
results of these one-day analyses were 
rather erratic, and plant performance 
failed to agree with expectations, re- 
sulting from the interpretations of the 
analyses. The results of this one-day- 
a-week sampling are invaluable as a 
matter of record, but proved the dif- 
ficulty in attempting to operate an ac- 
tivated sludge plant on this limited 
control. Averages for these one-day-a- 
week analyses for three summers are as 
follows: 


Susp. sol. in mixed liq. (p.p.m.) 1,450 
Sludge index 120 
Over-all susp. sol. rem. (%) 79.9 
Over-all B.O.D. rem. (%) 88.8 


In the summer of 1949, an effort was 
made to improve the efficiency of the 
plant by maintaining greater labora- 
tory control and by subjecting more 
primary effluent to secondary treatment 
without increasing the cost of the air 
consumption. This control reflected it- 
self in much better suspended solids 
removal and a slight increase in B.O.D. 
removal. The average B.O.D. of the 
final effluent was 15 p.p.m.; suspended 
solids averaged 7 p.p.m. The effluent 
samples were taken by an automatic 
sampling device, which composited 
equal portions of sample over a 24-hr. 
period. Samples were analyzed Mon- 
day through Friday. 

In spite of the excellent results ob- 
tained, the activated sludge was in a 
bulky state most of the summer, the 
average sludge index of 331 indicating 
the poor settling quality of the sludge. 
The high sludge index was attributed 
to the increased rate of flow through 
the aeration tanks, which decreased the 
period of aeration. To maintain aerobic 
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conditions, the suspended solids in the 
mixed liquor were reduced to an aver- 
age of 907 p.p.m. In comparing the 
1949 results with the average results of 
the previous three summers, there is 
an indication that the sludge with a 
high index will give improved sus- 
pended solids removal and just as good 
or better B.O.D. removals as a sludge 
with a low index. However, a high 
index does not give the operator the 
feeling of security and confidence that 
is obtained when the plant is being 
operated with sludge having a low in- 
dex, and sludge with a high index is 
much more sensitive to an upset. 

During the summer of 1950, chlorine 
was used in the return sludge in an 
attempt to lower the high index ex- 
perienced the summer before. This 
method of control has been described 
by Tapleshay (1). The effect of the 
chlorine was aptly demonstrated by a 
drop in sludge index from 378 to 100 
in a 10-day period. The experiment 
was continued for about a month and 
a half with intermittent periods of 
chlorination. Each time the index 
would drop while chlorine was used and 
would increase when chlorination was 
stopped. The objection to this method 
of control was that it required use of 
the only chlorinator, needed for pre- 
chlorination, and resulted in the ap- 
pearance of an oily-looking seum on the 
surface of the final tanks. The grease 
content of the return sludge was about 
19 per cent on a dry solids basis, and 
the action of the chlorine and air was 
probably responsible for causing it to 
float on the final tanks. Operation data 
for the summer months are given in 
Table I. 

The critical stage of the plant centers 
around the aeration and final tanks. 
Priority of future improvements will 
be given to them. Money has been ap- 
propriated for the sludge collecting 
mechanism for the third final settling 
tank. This added unit should in- 
crease the plant’s over-all efficiency. 
Installation of a pump to return final 
effluent to the primary tank inlet at 
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TABLE I.—Summary of Operation Data for Meadville, Pa., Sewage Treatment Plant 


Period 


Determination 
4 g . 8, Sept. 17, Sept. 9, 
19472 2 19498 19508 


pH: 
Raw 6.95 
Settled ‘ 
Final 
Alkalinity (p.p.m. as CaCO): 
Raw 
Settled 
Final 
Acidity (p.p.m. as CaCQs): 
Raw 
Settled 
Final 
Settleable solids (ml./1.): 
Raw 
Settled 
Rem. by primaries (%) 
Total solids (p.p.m.): 
Raw 
Settled 
Final 
Over-all red. (%) 
Total susp. solids (p.p.m.): 
Raw 
Settled 
Final 
Over-all red. (%) 5.8 79.6 84. 96.6 
5-Day B.O.D. (p.p.m.): 
Raw 27 246 186 
Settled j 103 
Final 15 
Over-all red. (%) 9. 92.0 
Return sludge: 
M.g.d. 
Solids, by volume (%) 
Solids, by weight (%) 
Volatile solids (%) 
Return ratio (%) 
Prim. effi. aerated (m.g.d 
Mixed liquor: 
Solids, by volume (% 
Wt. of solids (p.p.m.) 
Volatile solids (%) — — 77.6 
Sludge index ; | 5 3 195 
Air: | 
Million cu. ft./day 02 2.08 2. : 2.22 
Cu. ft./gal. .93 0.92 95 A! 0.94 
Cu. ft./lb. B.O.D. to aer. 1,085 900 Q- 55 1,110 
Lb. B.O.D. to aerators | 1,860 2,310 : 1,990 


| 


1 Average of 1-day analyses taken on alternate Wednesdays. Uniform samples of raw and 
settled sewage taken every 30 min. and composited over a 14-hr. period. Final sample taken by 
automatic device; uniform portions composited over 24-hr. period. 
2 Average of 1-day analyses taken each Wednesday. Method of sampling same as for 1946. 
3 Average of 5-day per week analyses. Uniform raw and settled samples taken hourly and 
composited over 12-hr. period. Method of taking final sample same as for 1946. 
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would decrease the detention period, 
making possible the flow of a fresher 
sewage to the aerators. It would also 
eliminate the need for pre-chlorination, 
making the one chlorinator available 
for post-chlorination. This would also 
aid in increasing over-all efficiency. 

The future emphasis of routine lab- 
oratory control will be placed on the 
secondary process. It is realized that 
it is extravagant to use more air than 
is necessary, but it is folly to attempt 
to operate unless aerobic conditions are 
maintained in the aerators and final 
tanks at all times. In the past, a con- 
stant rate of 1,500 ¢.f.m. of air has been 
used and the solids in the mixed liquor 
have been varied to maintain an excess 
of oxygen. However, in a recent pro- 
longed dry spell, which increased the 
volatile matter in the mixed liquor, the 
air consumption had to be increased to 
1,750 cu. ft. per min. during the day 
to maintain aerobic conditions in the 
final tanks. 

Settled activated sludge from the 
final settling tanks is returned to the 
aerators just as rapidly as possible at 
alltimes. This rate is about 40 per cent 


Selective Insecticide 
A new systemic insecticide, Isopestox, 
claimed to be selective to the extent 
that it kills only bad bugs, is glowingly 
described in an article in the July, 
1951, issue of Chemical Engineering. 
Non-volatile, odorless, and non-corro- 
sive, the chemical is available as a 50 
per cent anhydrous solution contain- 
ing a warning color, methyl] violet. 
The article states that with develop- 
ment of Isopestox, which is applied as 
a spray in concentrations between 0.05 
and 0.1 per cent, pest control has taken 
a great forward step toward its aims for 
systemies—to kill pests which could not 
be killed before; to produce further 
selective methods of application; and 
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night when the sewage flow is so low 
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of the primary effluent treated. Excess 
sludge is wasted slowly over a 24-hr. 
period to the inlet of the primary tanks. 
Supernatant liquor from the digesters 
is discharged to sand beds during the 
period when the activated sludge proce- 
ess is being operated. 

The plant is staffed by two full- 
time operators, a part-time man three 
months of the year for the upkeep of 
the grounds, and the writer. 

The gas engine is operated during 
the day from 8 a.M.to8 p.m. The plant 
is operated on electric power during the 
night with no attendant present. 

The present operation of the plant is 
hampered because of insufficient past 
laboratory control data. It is hoped 
that by increasing the laboratory con- 
trol, it will be possible by intelligent 
trial and error methods to determine 
the proper amount of mixed liquor 
solids and air necessary to assure the 
type of effluent required by the receiv- 
ing stream. 


Reference 


1. Tapleshay, J. A., ‘‘Control of Sludge Index 
by Control of Return Sludge.’’ Sew- 


age Works Jour., 17, 6, 1210 (Nov., 
1945). 


to produce systematic insecticides less 
toxic to man. When Isopestox is ap- 
plied to the roots of a plant, the sap 
stream will carry it to the feeding 
places of damaging insects. Oral toxic- 
ity is low and the insecticide ean only 
exist in the plant’s system for one to 
two weeks. 

The composition of the chemical? 
Simple _ bis-isopropylaminofluorophos- 
phine oxide. 


Ice Remover 

Ice-Rem, ice and snow melting com- 
pound whose thawing capacity is 
claimed to be 30 times that of salt or 
10 times as quick-acting as standard 


| 
Z 


240 


flake calcium chloride, is available in 
10-lb. and 25-lb. pails, 100-lb. drums, 
and waterproof 100-lb. bags. Besides 
the obvious uses in clearing snowy and 
icy roads, steps, and walks, the chemical 
is recommended for thawing frozen 
gutter pipes, sewers, and railway 
switches. Speco, Inc., 7308 Associate 
Ave., Cleveland 9, Ohio, is the manu- 
facturer. 


Electrical Tape 


A new heavy-duty plastic electrical 
tape with high mechanical strength has 
been announced by Minnesota Mining 
and Manufacturing Co., St. Paul, 
Minn. Available in 36-yd. rolls in 
widths from 14 in. to 16 in., ‘‘Seotch”’ 
brand electrical tape No. 21 is recom- 
mended by the manufacturer for anti- 
corrosion protection for pipes, cables, 
and equipment laid underground where 
resistance to cuts and abrasion by rocks 
during backfill is important. It is also 
recommended for protecting and in- 
sulating cable and high-tension leads 
subject to wear, abrasion, and rough 
handling, and for bus bars carrying 
high voltage. 

The tape has a black vinyl plastic 
backing that is 20 mils thick, a dielec- 
tric strength of 22,500 v., an insulation 
resistance of 200,000 megohms, and an 
electrolytic corrosion factor of 1.0. 


Unprovoked Attack 


In a paper presented at the 1951 Fall 
Meeting, New England Sewage Works 
Assn., held at Providence, R. I., Nov. 
6-7, 1951, some of the problems en- 
countered during the first year of 
operation of the new Warren, R. L., 
sewage treatment plant were discussed 
by James W. Crowley, superintendent. 

Among the more unusual items men- 
tioned was the overloading of the new 
plant’s grit chamber by fine grit and 
quahog meats from a quahog-opening 
plant supplying meats for out-of-state 
elam chowder canneries. This par- 
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ticular problem was easily solved by 
calling attention to the considerable 
loss of additional profits represented by 
the meats and persuading the industry 
to sereen them out and construct its 
own discharge line to the adjacent river 
for grit disposal. 

However, the clams continue to reach 
the plant—not as unshelled meats, but 
as hard-shelled, damaging missiles. It 
seems that the sea gulls, which feed off 
the nearby quahog piles, often miss the 
intended target area on hard roads and 
sidewalks when they drop the shellfish 
to open them, with disastrous effect 
on the glass of the covered sludge dry- 
ing beds! 


Safety Comes First 


Under the headline ‘‘Safety Comes 
First at City Disposal Plant,’’ Leo 
Holtkamp, superintendent, Webster 
City, Iowa, sewage treatment plant, 
was recently lauded by the Webster 
City Graphic for his safety practices. 
In an excellent newsy and informative 
half-page article, the local public was 
informed of the hazards involved in 
the operation of the plant and the 
methods used for overcoming and avoid- 
ing them. Some pertinent personal 
data on Mr. Holtkamp’s background 
and experience were effectively woven 
into the story. 

Such items in the local newspapers 
are excellent builders of good public 
relations for any plant. The point to 
be made, however, is that the superin- 
tendent has been made a personality 
in the minds of the public, not treated 
as another piece of machinery in the 
plant. Also, the stress on the safety 
angle leaves the distinct impression that 
the city might well feel proud of the 
manner in which a large but necessary 
capital improvement is being operated 
and maintained. 


Hunt scrap—Collect scrap—Save 
scrap—Sell scrap! 
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Reviews and Abstracts” 


Sewerage and Sewage Treatment in the 
Future: A Preview. By W. FI.uinc- 
HAM Brown. Surveyor, 110, 39 (Jan. 
19, 1951). 

As long as the problems of sewage treat- 
ment remain the same, no fundamental 
changes are anticipated in the principles 
of their solution. Removal of solids is 
presently best accomplished by sedimenta- 
tion, and the most likely advances are 
improvements in sedimentation efficiency. 
With high flows, fine screening may in 
some cases prove more economical than 
sedimentation. The oxidation of dis- 
solved and colloidal impurities is achieved 
by natural biochemical means. It is 
unlikely that this process will ever be 
rivaled in cost or efficiency by purely 
chemical means. Advance is most likely 
along the lines of further intensification 
of biochemical processes. However, cer- 
tain physical factors place definite limits 
on such intensification. 

Disposal of sewage sludge presents the 
greatest possibilities for improvement. 
The most important problem is that of 
dewatering. Return of sewage sludge to 
the soil is desirable, but requires better 
dewatering than is now available, to make 
it feasible on a large scale. Heat drying is 
essential, either at low temperatures gener- 
ated by bacterial action, or at high tem- 
peratures generated by combustion of fuel. 
Utilization of waste heat from other proc- 
esses is a possibility, as is heat production 
by burning sludge gas and, perhaps, dried 
sludge. The methane of sludge gas may 
serve as a raw material for organic synthe- 
ses. 

The keynote of future developments is 
increased efficiency in existing processes, 
and greater emphasis on utilization, rather 
than mere disposal. 

On the administrative side, regionaliza- 
tion is expected to replace small local 
treatment plants. 


Industrial wastes present an ever- 
increasing problem. That of radioactive 
wastes is particularly difficult. 

M. C. Ranp 


Cleaning of Porous Air Diffusers. By A. 
Bruce anp R. J. StepHenson. Sur- 
veyor, 110, 51 (Jan. 26, 1951). 

The principal causes of clogging of the air 
diffusers in activated sludge plants are: 

1. Activated sludge solids forced into 
the plates when the air pressure in the 
supply pipes falls or is interrupted. 

2. Iron rust on the underside of the 
plates, from the rusting of air supply pipes. 

3. Hard-water scale. 

4. Gelatinous growth of organisms on 
the top surface. 

5. Grease accumulation on the top of 
the plates. 

6. Coal dust and soot from the atmos- 
phere. 


Plates were cleaned by treating them 
overnight with 30 per cent caustic soda, 
followed after rinsing by 1-hr. exposure to 
1:1 hydrochloric acid. Cleaning was ac- 
complished without removing the diffuser 
plates from the iron trays in which they 
were mounted. The trays were removed 
from the aeration channels and each tray, 
and the plates in it, was treated as a unit. 
The wet-test porosity of the chemically 
cleaned plates approached closely that of 
new plates. The cost of chemical cleaning 
was less than one-fourth that of cleaning 
by firing, even without considering break- 
age. Rubber gaskets, wax washers, brass 
screws and the iron trays were not injured 
by the chemical cleaning process. 

M. C. Ranp 


Sewerage and Sewage Disposal in 1950. 
Anon. Surveyor, 110, 89 and 105 (Feb. 
16 and 23, 1951). 

The general condition of sewerage and 
sewage disposal (in England) showed little 
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or no improvement during the year. 
Expenditures for sewerage and disposal 
facilities have been so severely restricted 
as to make it difficult if not impossible to 
counterbalance the aging of plants and 
equipment, the increase of population, 
and industrial expansion. 

Research in sewage disposal presents : 
better picture. A variety of problems 
were attacked, including biological filtra- 
tion of sewage, control of filter flies, re- 
moval of solids from effluents by me- 
chanical filtration, effects of treatment 
processes on the types and number of 
bacteria in sewage, development of meth- 
ods for determining the toxicity of different 
substances to fish, effects of detergents, 
and enclosed filters. These projects were 
handled by the Water Pollution Research 
Board, by municipalities, and by indus- 
tries. A new edition of “Standard Meth- 
ods” is in preparation by the Ministry of 
Health. 

It is recognized that the relationship be- 
tween sewage disposal and water supply is 
becoming steadily closer. Treated efflu- 
ents often are discharged into streams 
whose lower reaches must serve as a 
source of potable water. In such cases 
the division of responsibility for purifica- 
tion is a delicate question. Rather than 
establishing a fixed precedent, it is prefer- 
able to decide each case on its own merits. 

Experimentation, described in detail 
elsewhere, is reviewed. The work on 
high-rate filtration, deep enclosed filters, 
dewatering of sludge by freezing and com- 
posting, and the effects of synthetic deter- 
gents receive particular attention. 


M. C. Ranp 


National Water Policy. Engineers Joint 
Council Committee Report. Jour., Am. 
Water Works Assn., 43, 1, 24 (Jan., 
1951). 


This article is an excerpt of the report 
on “Domestic and Industrial Water Supply 
and Pollution” that was prepared by Task 
Force No. 1 of the Engineers Joint Council 


for the President’s Water Resources 
Policy Commission. A part of the report 
was also published in Tu1s JourNAL, 23, 
2, 210 (Feb. 1951). 

The report first states that the use of 
water resources for domestic and industrial 
purposes is believed to be the highest and 
best use, as without adequate water supply 
properly safeguarded against pollution 
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urban life cannot exist. Current short- 
ages of water in certain areas are attrib- 
uted to concentrations of population and 
industry without due regard to the avail- 
able supply, as the over-all national avail- 
ability of water is more than adequate. 

Control of water wastage and the value 
of flood control are cited as means for 
conserving and making better use of ex- 
isting supplies. Emphasis is also placed 
on the need for substitution of salt water 
for fresh water, when industry is located on 
coastal areas. The need for enforceable 
legislation relating to the conservation of 
underground waters is another point that 
is strongly urged. 

In order to provide water for our ex- 
panding industries, a corrective program 
should include: 

1. An inventory of water requirements 
on a national basis coordinated with actual 
and potential water resources available, 
including both surface and ground waters. 
This survey should be both local and area- 
wise with respect to major river basins and 
geological formations. 

2. Making available factual data regard- 
ing overindustrialization within critical, or 
potentially critical, water areas and the de- 
sirability of decentralization of industrial 
users of large volumes of water. 

3. A study of the inter- and intra-state 
control and regulation of flood waters to 
provide present and future industrial water 
requirements, regardless of other benefits 
accruing from such facilities. 

4. Publication of salt-water usage as a 
conservation measure. 

5. Expanding the activities of the state 
and federal agencies handling critical 
underground water resources problems. 

6. Providing technical personnel for the 
U. 8. Geological Survey and comparable 
state organizations, together with the 
necessary funds to effect more adequate 
utilization of the valuable services of these 
organizations. 

7. Coordinating the activity of waste 
disposal regulation groups with those 
interested in resources. 

Rosert P. Lowe 


Pollution Control and Property Rights. 
By Joun H. Murpocu, Jr. Jour., Am. 
Water Works Assn., 43, 1, 61 (Jan. 
1951). 

This interesting presentation of a hypo- 
thetical, but typical, stream pollution 
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problem is made by a lawyer who has 
evidently had prior experiences with such 
cases. 

The presentation brings out the compli- 
cations that can result to public water 
supplies from the combined effects of 
wastes from additional acid mine drainage, 
from a rayon plant, a chemical plant, an 
oil refinery, and from oil well brines. To 
add to the confusion, it is pointed out that 
in all probability no single industry in 
itself would make the public water supplies 
unsatisfactory for treatment to give a 
potable water. 

The legal remedy is summed up in the 
essential fact that the health and safety of 
the public are endangered because of the 
pollution of the source of water supply. 
The industries and communities, in this 
case, by the complicated interplay of their 
various activities, have endangered the 
public health and safety. Acting as indi- 
viduals but within a common framework 
of circumstances, each has contributed to 
this final result. The result is an offense 
against the state, an inconvenience and 
danger which annoys and threatens the 
whole community and not merely some 
particular person. It is a public nuisance, 
which may be abated at the instance of the 
state without the payment of any compen- 
sation to those whose actions are regulated. 
No one can have a property right to com- 
mit or maintain a public nuisance, and the 
state can be required to pay compensation 
only when property rights are taken away. 

In summarizing this hypothetical case, 
it is stated that the state, through the 
exercise of its police power, can prohibit 
pollution without paying any damages. 
It is up to the legislative branch of the 
government to fix the standards and limits 
of permissible pollution, and such limits 
will be upheld by the courts, unless they 
are clearly unreasonable. Therefore, it is 
evident from this presentation that if 
waterworks officials are alert and have 
courage, the law will help in stream pollu- 
tion control. Rosert P. Lowe 


Evaluation of Stream Pollution. By L. L. 
HepcepetH. Jour., Am. Water Works 
Assn., 43, 1, 55 (Jan., 1951). 

A representative of industry presents 
his viewpoints in this paper on the stream 
pollution control program. Due to the 
extensive costs involved for treatment 
plant construction and maintenance, the 
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author insists that nothing short of absolute 
legal requirements will get the job done. 
Much of this paper covers the opposition 
to standards for treatment. This is 
based on the lack of a proper yardstick 
for measurement of industrial pollution 
and on the variable effect of industrial 
wastes onastream. For measurements of 
pollution the merits and weaknesses of the 
biochemical oxygen demand, the new bio- 
assay techniques, and chemical and physi- 
cal tests, are discussed. In contrast, it is 
stated that no one test is applicable and 
that considerable specific experience and 
mental alertness are needed to judge each 
situation on its own merits. In other 
words, critical appraisal of stream pollu- 
tion is deemed to be desirable instead of 
using general criteria for all situations. 
In conclusion, the progress made by in- 
dustry to date is cited. Much more has 
been accomplished than appears on the 
record, as many leading industries have 
accepted waste treatment as a necessary 
part of new plants or expansions. Tech- 
nical men in industry are also using their 
special skills and process knowledge to 
solve the varied problems of industrial 
pollution, and this information is being 
freely exchanged at heavily attended and 
unpublicized conferences of industry. 
Rosert P. Lowe 


The River Boards Act, 1948, and Its Impli- 
cations. By J. V. Mortey. Surveyor, 
110, 123 (Mar. 2, 1951). 


Great Britain’s River Boards Act, 1948, 
in brief, enables the Minister of Agriculture 
and the Minister of Health, acting jointly, 
to constitute River Boards, which are tak- 
ing over the powers of: 


1. Catchment Boards, formerly consti- 
tuted under the Land Drainage Act, 1930, 
whose duty was to look after land drainage 
and flood alleviation. 

2. Fishery Boards, whose duty in the 
main was to look after fisheries and which 
also had certain powers relating to pollution. 

3. The pollution powers formerly vested 
in local sanitary authorities. 

4. Certain other responsibilities on gag- 
ing of river flows, which belonged to no one * 
in particular in the past. 


Prior to 1930, land drainage and stream 
pollution were administered under a con- 
fusion of piecemeal legislation, which had 
accumulated over nearly 500 years. The 
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Land Drainage Act of 1930 was a milestone 
in land drainage law, but the Catchment 
Boards which it established operated under 
severe difficulties arising from the financial 
crisis of the 1930’s and the war of the 
1940’s. 

The new River Boards do not yet have 
adequate powers for dealing with pollu- 
tion, but will have the advantage of being 
large enough to have competent staffs and 
be able to call upon the best expert advice. 
Also, each river and its tributaries will be 
treated as a whole and come under the 
jurisdiction of a single authority. 

The River Boards can only expect to 
progress slowly towards their ultimate ob- 
jectives in pollution abatement. But with 
patience, it is anticipated that much will 
be accomplished eventually. 

M. C. 


A Main Drainage System Below Sea Level. 
By T. Coates D. R. Swarp. 
Surveyor, 110, 139 (Mar. 9, 1951). 
The paper describes some aspects of the 

planning, design, and construction of the 

new main drainage system being carried 
out at Kingston-upon-Hull. The diffi- 
culties confronting an urban authority so 
placed that 88 per cent of its present area 
is below mean high water of spring tides 
are dealt with, and the paper concludes 
with a description of a new pumping sta- 
tion now under construction in West Hull, 
which is founded 60 ft. below ground level. 
M. C. Ranp 


A Critical Approach to Sewage Works 


Design. By B. F. P. Bascockx. Sur- 

veyor, 110, 141 (Mar. 9, 1951). 

The paper questions certain practices in 
sewage works design, which, the author 
feels, are dictated more by “tradition” 
than by more practical considerations. 
There are also some suggestions for future 
research, and some predictions of future 
developments. 

It is suggested that lighter pattern sluice 
valves, perhaps of the type used in gas- 
works, might profitably replace the water- 
works pattern commonly specified. A good 
quality screw-operated penstock of proper 
design might be preferable to the sluice 
valve usually attached to a sludge outlet. 
Asbestos cement sheet is an alternative 
material to metal or wood for scum boards 
and baffles. Penstocks which are used 
solely for controlling flow rates, and which 
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are rarely, if ever, shut off completely, 
need not be drop-tight when closed. Im- 
provements are suggested for the method 
of fixing ironwork to brick or concrete 
walls, for passing pipelines through the 
walls of structures, and for the general 
design of buildings. 

Research is needed on the hydraulics of 
flow through a complete treatment plant; 
on quick, qualitative tests of effluent qual- 
ity, for use in operating control; and on 
in situ tests for the strength of concrete. 

The future developments predicted are 
mechanical removal of sludge from drying 
beds, more economical use of sludge gas 
for heat and power production, and an im- 
proved system of aeration for the activated 
sludge process, embodying the better fea- 
tures of the various existing systems. 

M. C. Ranpb 


Drainage Considerations in the Develop- 
ment of a New Town. By Joun W. 
HenpDerSoN. Surveyor, 110, 145 (Mar. 
9, 1951). 

Drainage considerations influence the 
planning and land use proposals of a new 
town, influence the economics of the devel- 
opment, control the expeditious start of 
development, and govern the rate of devel- 
opment. The author gives a rather com- 
prehensive discussion of the factors to be 
considered in designing a drainage system, 
which include, as the most important 
among others: (1) any existing water- 
courses, and the extent to which they can 
accept sewage, storm water, or both; (2) 
whether a sewage disposal outfall exists, 
and if so, its capacity; (3) whether pollu- 
tion of water courses is permissible; (4) the 
area of the proposed development; (5) 
topography and natural drainage areas; 
(6) the extent to which drainage from out- 
side the designated area may influence pro- 
posals within the designated area; (7) geo- 
logical information pertaining to the eco- 
nomics of excavation, and to the possibility 
of underground disposal; and (8) the extent 
and capacity of existing drainage systems 
in the area. 

Many details are presented pertinent to 
estimating the required capacity of the 
system, and specifications for certain parts 
of the system are suggested. 

The impact of drainage considerations 
upon land use planning and upon construc- 
tion schedules is discussed at some length. 

M. C. Ranp 
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Drains and Sewers—The Legal Aspect. 
By L. Marr. Surveyor, 110, 157 (Mar. 
16, 1951). 

The author describes the complicated 
situation which exists in England with 
regard to the responsibility for cleaning 
and maintaining sewers and drains. To 
summarize very briefly, there is no clear- 
cut legal precedent for assigning such 
responsibility, especially where the pipes 
in question underlie private property. 

It is suggested that the existing legis- 
lation might be improved, and the situa- 
tion clarified, by making all cleaning and 
maintenance the responsibility of the local 
authority, and giving the local authorities 
the right to recover expenses so incurred 
when the sewers serviced lie under the 
premises which they serve. 

M.C . 


Modern Developments in Plumbing and 
Drainage. Works Ministry Commit- 
tee’s Recommendations. Surveyor, 110, 
189 (Mar. 30, 1951). 

The conclusions reached by the Commit- 
tee may be summarized as follows: 

1. Before contractors’ bids are invited, 
plumbing and drainage should be com- 
pletely designed by qualified specialists. 

2. Local authorities and water pur- 
veyors should be sure their requirements 
do not prevent use of any sound modern 
developments. 

3. Inspection and approval of plumbing 
and drainage should be accomplished dur- 
ing installation. Examinations should be 
revised so that officers entrusted with in- 
spection possess the necessary specialized 
knowledge of plumbing and drainage. 

4. For water supplies, use of cold-water 
cisterns only to supply hot-water tanks, 
and connection of all other outlets to the 
mains, should be considered in all new 
work. 

5. More attention should be paid to 
close grouping of appliances and simplifi- 
cation of the plumbing system. 

6. The one-pipe system of soil and waste 
disposal should be more widely adopted. 

7. There is considerable scope for effect- 
ing economies in underground drainage by 
using only the most suitable pipe sizes, 
reducing the number of manholes to a 
minimum, elimination of intercepting traps 
from connection to new sewer systems, and 
avoiding excessive use of concrete under 
and around pipes. 
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8. Prefabrication of parts of plumbing 
systems at the site should be adopted 
where practicable. 

9. There is need of publicity for up-to- 
date developments; the knowledge is avail- 
able, but its distribution is insufficiently 
wide. M. C. Rann 


A Visit to United States Sewage Purifica- 
tion Plants. By M. R. Vincent Da- 
viss. Surveyor, 110, 215 (Apr. 13, 
1951). 

The author’s outstanding impressions 
were the operation galleries at most of the 
large aeration plants, which, he feels, must 
be much appreciated by the operators; the 
provision of pipe subways for housing 
mains and services; and the enormous flow 
treated at many of the plants. 

In some directions, the Americans have 
developed new ideas, while older practices 
have persisted in England. The outstand- 
ing example is in sludge treatment. In 
England, air drying is the usual practice, 
whereas in the United States limitations of 
available land have encouraged more com- 
pact systems such as vacuum filtration. 

Rectangular settling tanks are used more 
in the United States than in England, and 
the endless flight scrapers commonly in use 
here are seldom if ever used in England. 

The use of Imhoff tanks in America is 
declining. 

The chain-type rakes, still commonly in 
use in the United States, are being replaced 
in England by those having no submerged 
moving parts. M. C. Rano 


Disposal of Sewage from Small Rural 
Communities. By THomas G. 
NER. Surveyor, 110, 221 (Apr. 13, 
1951). 

The design of small works, with dry 
weather flows from 10,000 g.p.d. down- 
ward, must receive very careful considera- 
tion. A sound and efficient scheme must 
be produced at minimum cost, which will 
probably mean the elimination of many 
desirable, but not definitely essential, 
features. 

The engineer, in addition to keeping the 
capital costs at the minimum, must also 
remember that in very few cases is constant 
supervision of the works possible. The 
works may, in fact, have to be left unat- 
tended, or even neglected over very long 
periods. 
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The most generally suitable scheme for 
small treatment works is tank treatment 
followed by filtration. Because constant, 
or even regular, attention to the plant is 
not often possible, a septic tank is most 
satisfactory for the first stage of treatment. 
The author has found that a 24-hr. deten- 
tion period is the best basis for design. 
The filters are usually 6 ft. in depth and, 
owing to the nature of the tank effluent, 
the designed capacity is a little on the 
generous side (around 35 g.p.d. per cu. yd.) 
The media are graded in layers from 3 in. 
to lin. The automatic tipper is used on 
small filters serving up to 10 houses, and 
rotary distributors on the larger filters. 

Owing to the amount of attention re- 
quired by humus tanks, it is advisable to 
dispense with these wherever possible, and 
to run the filter effluent over land prior to 
final discharge. Usually 15 to 60 yd. over 
land is sufficient. Where limited space 
makes humus tanks necessary, they must 
receive fairly regular attention. Sludge 
may be disposed of by burying. 


Discussion. 
1951). 


Surveyor, 110, 541 (Aug. 31, 


In introducing the paper, the author 
stated that dip pipes were used as outlets 
for the septic tanks recommended as the 
first stage of treatment for plants of this 


type. Weirs are theoretically more effi- 
cient, but are more costly to construct. 
The flow through dip pipes is not sufficient 
to cause any great disturbance in tanks. 

In general, the discussers agreed that 
the most satisfactory system for very small 
works is a septic tank followed by a trick- 
ling filter. It was pointed out that the 
tank had to be designed on the basis of 
sludge storage, and should accommodate 
twice the volume of sludge expected to 
accumulate between times of desludging. 
In reply, however, the author mentioned 
that considerable reduction of sludge occurs 
during storage, so that sludge may not 
accumulate to the extent anticipated if the 
period between desludgings is long. It 
was also stated that the design should pro- 
vide for emptying the tank completely for 
desludging. 

If the plant site makes pumping una- 
voidable, it is preferable to pump tank 
effluent rather than raw sewage because 
the former permits use of smaller, less 
expensive pumps. 

It had often been said that the capacity 
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of a very small trickling filter needed to be 
greater than the Royal Commission’s gen- 
eral recommendation of # cu. yd. per cap- 
ita. However, in the experience of the 
various discussers, the recommended capac- 
ity gave satisfactory effluents. 

There were several comments on the 
desirability of small rural treatment works 
in preference to cesspools. 

It was generally agreed that running the 
filter effluent over land was preferable to 
providing a humus tank, whenever condi- 
tions permit. 

One discusser described an experimental 
project wherein various types of septic 
tanks were tested. The conclusions were 
that the various types were similar in per- 
formance, and that 24-hr. retention was an 
adequate basis for design. 

M. C. 


Further Mechanical Developments in 
Rectangular Tank Desludging. By H. 
D. THATCHER AND R. W. Lucas. Sur- 
veyor, 110, 317 (May 26, 1951). 

In a previous paper presented in 1940, 
the authors showed that the results from a 
good rectangular tank were no worse than 
from a good circular one, and that the 
operating costs favored the former design. 
This paper describes developments which 
simplify the operation of rectangular tanks 
and enable existing rectangular tanks of 
good design to be modernized by installing 
mechanical desludging facilities. 

The improvements described consist of 
the following items: the retractable under- 
carriage for transferring scraper mech- 
anisms; the vertically-operated sweep; 
improved systems for automatic control 
of desludging apparatus; the “sludge 
concentrator,” which is a laterally oper- 
ated scraper for bringing the sludge to 
the outlet after it has been moved to the 
end of the tank; the system of installing a 
separate scraper for each tank rather than 
transferring one mechanism from tank to 
tank; and the redesign of the scraping 
mechanism so that the control cabin is at 
one side, rather than in the center, of the 
beam. 

It is shown that operating costs of rec- 
tangular tanks using the improved system 
are significantly less than those of circular 
tanks, particularly with regard to the oper- 
ators’ time required for the desludging 
process. 

M. C. Ranp 
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of TEXARKANA 
ARKANSAS... 


As inseparable and interdependent as Sia- 
mese Twins, Texarkana, Ark. and Texarkana, 
Tex.—though separate cities, each with its 
own municipal government—share a sewage 
treatment plant which was constructed joint- 
ly by the two cities. 


This modern complete plant is of the high 
rate filter type and was designed to serve a 
population of 75,000. 


Equipment includes the two $5-ft. diameter 
above. The digesters have a total capacity 
of 254,000 cu. ft. P.F.T. Covers are design- 
ed and constructed for many years of effi- 


Digester Floating Covers shown 


cient, dependable service, free of mainten- 
ance—provide effective digestion of sewage 
sludge and safe utilization of sludge gas. 


Both tanks are equipped with P.F.T. Super- 
natant Selectors piped to Supernatant 
Gauges, in the Control Building, affording 
effective means of observing the quality of 


supernatant liquor in the tank and controll- 
ing the rate of withdrawal. 


Also included at Texarkana, in the Control 
Building, is a fuli complement of P.F.T. Gas 
Safety 
the explosion hazard. 


Equipment, completely eliminating 


Wyatt C. Hedrick, Dallas, Texas, were Con- 
sulting Engineers on this project. 


4241 RAVENSWOOD AVE. 
WEW YORK @ LOS ANGELES @ SAN FRANCISCO © CHARLOTTE, MW. C. © JACKSONVILLE @ DENVER 
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Proceedings of Member Associations 


SOUTH DAKOTA WATER AND 
SEWAGE WORKS 
CONFERENCE 


The 17th Annual Meeting of the 
South Dakota Water and Sewage 
Works Conference was held at Yank- 
ton, S. D., September 19-21, 1951. The 
total number registered was 102. 

The technical sessions opened the 
morning of September 30, the first half 
day being devoted to a general ses- 
sion with discussions on ‘‘Shot-crete 
and Its Use in Water and Sewage 
Works,’’ by F. A. Esrup, followed by 
a discussion on ‘‘Rain Increasing,’’ by 
Kenneth Raetz. The afternoon session 
of the sewage section heard papers as 
follows: 


‘‘Chlorination of Sewage,’’ by Rob- 
ert C. Goplin, Wallace & Tiernan, Min- 
neapolis, Minn. 

‘‘The Cooperative State-Federal Pol- 
lution Control Program,’’ by Leonard 
B. Dworsky, chief, Reports and Sta- 
tistics Branch, Division of Water Pol- 
lution Control, U.S.P.H.S., Washing- 
ton, D. C. 

‘““Waste Segregation and_ Treat- 
ment,’’ by C. J. Edwards, district man- 
ager, U & I Sugar Company, Belle 
Fourche, S. D. 

‘*Operators’ Discussion Period.’’ 


On Friday morning, September 21, 
the meeting again convened in a gen- 
eral session with discussions on ‘‘The 


Peoples’ Stake in Water Pollution 
Abatement’’ by Mr. Dworsky; ‘‘The 
Yankton Water Treatment Plant’’ by 
John R. Sperry; and an _ inspection 
trip to the new municipal water plant. 

The Federation’s Bedell Award was 
made to Leland Bradney, chemist, 
Sioux Falls sewage treatment plant. 
At the banquet, on September 20, Wil- 
liam Hahn, president, South Dakota 


Division, Izaak Walton League of 
America, announced that the Division 
would hereafter make an annual award 
of a plaque to a sewage treatment plant 
operator in South Dakota showing 
marked improvement of the plant or 
receiving watercourse 
Officers elected for 1951-52 were: 


President: W. Johnson, Huron. 
Vice-President: A. Hanson, 
Falls. 
Secretary-Treasurer: C. E. Carl, Pierre. 
E. Cart, 
Secretary-Treasurer 


Sioux 


ROCKY MOUNTAIN SEWAGE 
WORKS ASSOCIATION 


The 1951 Annual Meeting of the 
Rocky Mountain Sewage Works Asso- 
ciation was held in conjunction with 
that of the Rocky Mountain Section, 
American Water Works Association, 
at the Cosmopolitan Hotel, Denver, 
Colo., September 24-26, 1951. Reg- 
istration at the meeting totalled 52. 

The program on September 24 and 
the entire morning of September 25 
was devoted to waterworks topics. 

At the afternoon session on Septem- 
ber 25, papers of general interest to 
both groups were presented as follows: 


‘*Biological Warfare,’’ by John 
Richty, associate professor, Colorado 
Medical School, Denver. 

‘*Civilian Defense Relating to Wa- 
ter and Sewage Facilities,’’ by Terry 
Owens, city engineer, Denver. 

‘‘Survival Under Atomic Attacks,’’ 
by Henry A. Larson, director, Colo- 
rado Civilian Defense Agency, Denver. 


A joint banquet-entertainment of the 
two associations was held the evening 
of September 25. 


(Continued on page 70a) 
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Philadelphia’s Independence Hall, where the Liberty Bell is housed, as it looked 100 years ago 


Phitadetphia has cast iron water and gas 
mains in service that were laid well over a 
century ago. One of them is America’s oldest 
cast iron water main, still functioning despite 
the radically changed conditions of street 
traffic and underground utility services in 100 
years. The fact that cast iron pipe, laid 
generations ago, withstands the shock of 
heavy-duty traffic and the stresses caused by 
congested underground structures, amply 
demonstrates its shock-strength and 
beam-strength. Because of these strength 
factors and effective resistance to corrosion, 
cast iron water and gas mains, laid over 

100 years ago, are still serving in the streets 
of more than 30 cities in the United States 
and Canada. United States Pipe and 
Foundry Co., General Offices, Burlington, 
N. J. Plants and Sales Offices 
Throughout the U.S.A. 


cast iron 
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The technical sessions on September 
26 opened with a motion picture on 
‘‘Sewage Treatment,’’ followed by a 
discussion period on treatment prob- 
lems under the direction of Lloyd 
Leslie, assistant sanitary engineer, 
U.S.P.H.S., Denver. Papers were 
then presented as follows: 


‘*Progress on Stream Pollution Con- 
trol,’’ by H. W. Poston, assistant basin 
engineer, U.S.P.H.LS. 

‘‘Water Pollution Control Is Our 
Job,’’ by W. N. Gahr, director, Divi- 
sion of Sanitation, Colorado State De- 
partment of Public Health. 

‘*How to Obtain Critical Materials,’’ 
by Charles E. Brokaw, regional direc- 
tor, U. 8S. Dept. of Commerce, Denver. 

‘‘Negative Pressures and Resulting 
Contamination,’’ by Sam Kotz, public 
health engineer, Colorado State De- 
partment of Public Health. 

‘*Progress on Sugar Beet Waste 
Treatment,’’ by D. J. Roach, vice 


president, Great Western Sugar Co., 
Denver. 

**Sanitary Districts,’’ by Emory L. 
O’Connell, attorney, Denver, and Car- 
roll H. Coberly, consulting engineer, 
Denver. 


The meeting closed with a round 
table discussion on ‘‘ Operation of Sew- 
age Treatment Plants,’’ led by Dana 
E. Kepner, manufacturers’ representa- 
tive, Denver. 

Officers elected to serve during 1951- 
52 were: 
President: RK. 

Wyo. 
Vice-President: C. Coberly, Denver, 

Colo. 

FSIWA Director: C. Caldwell, Santa 

Fe, N. Mex. 

Secretary-Treasurer: C. E. Harness, 

Denver, Colo. 


Sherrard, Cheyenne, 


C. E. Harness, 
Secretary-Treasurer 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular openings in sizes up to 
and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 
ized” for protection against rust and corrosion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 
2437 East 24th Street Los Angeles 54, Calif. 
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. 
Select from this list of five diferent types 
and you will get the best type for your 
particular problem whether it is trash, 
garbage, sewage sludge, inettiational 
organic matter .. . or in 
combination. 
For Garbage and Rubbish 
(1) Cell and Hearth i 
(2) Circular Hearth and = 
Mechanically Stoked =} 


For Sewage Sludge Drying and/or 

Burning 

(3) Multiple Zone Furnace—Mechan:. 
ically Stoked 


© For Garbage, Rubbish and Sewage 
Sludge 
(4) Circular Unit, Mechanically 
Stoked, with Separate Compart- 
ment for Sewage Sludge Reduc- 
tion 


®@ For Garbage and Trash (Individual 
Buildings) 
(5) Kernerators (Flue-Fed and 
Ready-Built) 


Our incinerator experience goes back 
nearly sixty years. Our work is guar- 
anteed. Our incinerators are constructed 
under the supervision of our own field 
men who stay with it until the unit is 
in operation, fully broken in and crews 
instructed. 


MORSE BOULGER DESTRUCTOR CO. 


205-S East 42nd St. New York 17, N. Y. 


Representatives in Principal Cities 
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Equipment and Supply Lines 


Telemeter—A new 8-page bulletin 
(No. 230-H4) describes a device for 
transmission of information and con- 
trols over a simple 2-wire electrical cir- 
euit for any distance. Among the ap- 
plications are measurement of liquid 
and gas flows, liquid level measure- 
ment, pressure and temperature tele- 
metering, and control of pumps and 
chemical feed.—Builders-Providence, 
Inc., 368 Harris Ave., Providence 1, 
R. I. 


Hydraulically-Powered Flow Con- 
troller—A new bulletin (No. 600-H2) 
on controllers describes hydraulically- 
powered models, as well as presenting 
discussions and data on applications. 
—Builders-Providence, Inc., 368 Harris 
Ave., Providence 1, R. I. 


Small Control Units—A new line of 


miniature indicators and control units, 
to conserve control panel space and con- 
solidate operating controls, has been 
announced. Ask for ‘‘Mini-Line’’ bul- 
letins—Bailey Meter Co., 1050 Ivanhoe 
Road, Cleveland 10, Ohio. 


Liquid Meters—Intended as a guide 
to selection of meters for measuring 
more than 200 liquids with varying 
corrosive characteristics, Bulletin OG- 
400 covers meter sizes from 1% in. to 3 
in., with various unit measurement and 
register types.—Rockwell Mfg. Co., 400 
N. Lexington Ave., Pittsburgh 8, Pa. 


Running-Time Recorder—A new 
bulletin (OP1504) describes applica- 
tion of new Series 500 Running-Time 
Recorders to various process units.— 
The Bristol Co., Waterbury 20, Conn. 


(Continued on page 74a) 


Copies needed of the following back numbers of 


SEWAGE WORKS JOURNAL 


1928—October 
1932—January, May 
1933—May, July 
1934—January 


1935—May, July 

1940—November 

1946— January, March, September 
1947—January, September 


SEWAGE AND INDUSTRIAL WASTES 


1950—July 


Fifty cents plus postage will be paid for each copy in good condition 


FEDERATION OF SEWAGE 
AND INDUSTRIAL WASTES ASSOCIATIONS 


325 ILLINOIS BUILDING, CHAMPAIGN, ILLINOIS 
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ves 
£16.70 EXPLOSION RELIEF VALVE 


“vaRec™ 


| FG. 44 
TRAP ASSEMBLY 


To waste 
GAS BURNE 


PILOT SUPPLY 
wasTt Gas - 


TRAPS AT ALL LOW POINTS TRAPS 


-WSTALL onw 


GAS PIPING SCHEMATIC 
*VaREC 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipment incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe burning of the excess. 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate fame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
leum uct storage. 


GAS EQUIPMENT 
SPECIFICATIONS 
G. PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 
“VAREC” Fig. No. 440 
FLAME TRAP ASSEMBLY 
“VAREC” Fig. No. 450 
FLAME CHECK 
“VAREC” Fig. No. 52A 
EXPLOSION RELIEF VALVES 
“VAREC” Fig. No. 70-1 
WASTE GAS BURNER 
“VAREC” Fig. No. 236 
DRIP TRAPS 
“VAREC” Fig. No. 245 
(automatic ) 
“VAREC” Fig. No. 248 
(hand operated) 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 


THE VAPOR RECOVERY SYSTEMS CO. 
COMPTON, CALIFORNIA, U. S. A. 


Cathe Att Address: VAREC COMPTON USA Codes) 
New Pittsburgh Chicage Detroit Levis * Heusten 
Tulse * Cosper, Wye. * Prove, Sen Froncisce * Seattle 


Avoilable from 
agents throughout United Stotes and 


g. MANOMETERS 
“VAREC” Fig. No. 216A 


PROVED ers 
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pH Measurement and Control—New 
24-page bulletin (pH1302) on auto- 
matic continuous measurement and con- 
trol of pH in processing gives complete 
specifications on glass and calomel 
electrodes in several instruments for 
both immersion and flow uses.—The 
Bristol Co., Waterbury 20, Conn. 


Pumps—aA request on plant letter- 
head will bring Bulletin W-314—-B2 on 
vertical propeller pumps for low-head 
services, or Bulletin W-485-Bl1 on a 
new line of heavy-duty vane-type ro- 
tary pumps, or Bulletin W-317-B12 on 
non-clogging wet-pit pumps.—Wor- 
thington Pump and Machinery Corp., 
Harrison, N. J. 

Thermometers—New 4-page Speci- 
fication Sheet 600 describes indicating 
and recording thermometers. Con- 
struction and engineering details are 
included.—Brown Instruments Divi- 
sion, Minneapolis-Honeywell Regulator 
Co., Wayne and Windrim Aves., Phil- 
adelphia 44, Pa. 


Small-Tractor Appliances—A new 
rotary broom and a hydraulically-op- 
erated front-end bucket, designed ex- 
pressly for the diminutive ‘‘ Agricat’’ 
erawler-type tractor, have been put on 
the market. The midget tractor (6 ft. 
long) was developed for use where full- 
sized tractors cannot be maneuvered.— 
Earl H. Pence & Co., Inc., 2150 Wash- 
ington Ave., San Leandro, Calif. 


Electrical Metallic Tubing—Poly- 
ethylene-coated corrosion-protected 
standard galvanized electrical tubing 
is the subject of Bulletin DEK-1. In- 
stallation and engineering data are in- 
cluded.—Steel and Tubes Division, Re- 
publie Steel Corp., 224 East 131st St., 
Cleveland 8, Ohio. 


Hoist-Binder—Safety, convenience, 
and simplicity of operation are stressed 
in a new bulletin describing a combina- 
tion load binder and hoist for all types 
of work and working on the ratchet 
hoist principle-—Coffing Hoist Co., 
800 Walter St., Danville, Ill. 


325 ILLINOIS BUILDING 


Make Plans to Attend 


SILVER ANNIVERSARY MEETING 
OF THE 
FEDERATION OF 
SEWAGE AND INDUSTRIAL WASTES ASSOCIATIONS 
IN CONJUNCTION WITH 


New YORK SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 


HOTEL STATLER 
New City 


October 6-9, 1952 


FEDERATION OF SEWAGE AND INDUSTRIAL WASTES ASSOCIATIONS 


CHAMPAIGN, ILLINOIS 


A 
— 
{ 
§ 
— 
A 
: 


SEWAGE AND INDUSTRIAL WASTES 


FSIWA SPECIAL PUBLICATIONS 


ORDER FORM 


Federation of Sewage and Industrial Wastes Associations 
325 Illinois Building 


Champaign, Illinois 


Please send me the following publications, for which remittance is 
enclosed: 


MANUALS OF PRACTICE 


. copies* MOP No. 1, “Occupational Hazards in the 
Operation of Sewage Works” (1944) 
Members 25 cents; non-members 50 cents 


_copies* MOP No. 2, “Utilization of Sewage Sludge 

as Fertilizer” (1946) 

Members 75 cents; non-members $1.25 
_ copies* MOP No. 3, “Municipal Sewer Ordinances” 

(1949) 

Members 50 cents; non-members $1.00 AERP: 
_copies* MOP No. 4, “Chlorination of Sewage and 

Industrial Wastes” (1951) 

Members $1.00; non-members $1.25 


_copies* Ring Binders for numbered Manuals of 
Practice @ $2.00 


* Discount of 15% on orders for 12 or more copies. 


OTHER SPECIAL PUBLICATIONS 


..copies “Uniform System of Accounts for Sewer 
Utilities” (1949); mimeographed; @ $5.00 ...... 


.. copies ‘“‘Glossary—Water and Sewage Control En- | 
gineering” (1949) @ $1.00 


copies Twenty-Year Index to SEWAGE WORKS 
JOURNAL (1928-48) @ $4.50 


Total remittance enclosed 


(Yes or No) 


“(Member Association) 
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DIRECTORY OF ENGINEERS 


(Continued through page 81a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Consulting Engineers 
WATER, SEWAGE AND INDUSTRIAL 

WASTE PROBLEMS 
REFUSE 
STRIAL BUILDINGS 
CITY PLANNING LUATIONS 


ALVORD, BURDICK & HOWSON 
Engineers 
Charlies B. Burdick R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewa 
Disposal, Drainage, Appraisals, 
Power Generation 


LABORATORY 
Suite 1509-18 


i271 8. St PHILADELPHIA 7 Civic Opera Building 


Chicago 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and cael 
A 
and Planning— Highway 
Line Surveys 
Office: Rochester, Pa. 
Branch etnies” Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


Crystal Lake, Illinois 


he 
—Construc- 


P. 0. Box 67 


CLINTON L. BOGERT ASSOCIATES 
Consalting Engineers 

Cuinton L. Ivan L. Bocert 

J. M. M. Greie Rosert A. LINCOLN 

DonaLtp M. Ditmass ARTHUR P. ACKERMAN 
Water and Sewage Works 

Refuse Disposal Industrial Wastes 

Drainage Flood Control 


634 Madison Ave, New York 23, N. Y. 


W. H. & L. D. BETZ 


Consulting Engineers 
Industrial Waste 
Industrial Water 
Design 
Operation 
Philadelphia 24, Pa 


Analysis 
Investigations 


Gillingham & Worth Sts. 


BLACK & VEATCH 
Consulting Engineers 
Sewace - Water - ELectricity - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse Dis — Analyses 
Municipal —Industrial Projects 
Valuations—Reporte— Designs 


110 William Street New York 7, N. Y. 


CONSULTING ENGINEERS 


Will your prospective clients find you 
listed here among these wastes dis- 
posal specialists? If you offer con- 
sulting services for sewage and indus- 
trial waste disposal problems, send in 
your card now. 


Take advantage of the services these outstanding consultants! 
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BROWN AND BLAUVELT 
Consulting Engineers 


Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 


Industrial Wastes Problems Railroads 


46 Cedar Street, New York &, N. Y. 


BUCK, SEIFERT AND JOST 


Consulting Engineers 
(FORMERLY NICHOLAS S. HILL 


ya 


and Ri 
Chemica and Biological 


112 East 18th Street 


New York 3, N. Y. 


Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. 


Cleveland 14, Ohio 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

and R 
Design Supervision 


Flood Control 
Boston 8, Mass. 


6 Beacon St. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys 


Planning 
Bridges 


Roads and Streets 
Airports 
Dams 


Executive Offices 


DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration-Gas Systems 

Valuations-Rates-Management 

Laboratory—City Planning 


210 E. Park Way, Pittsburgh’ 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


Municipal 


Industrial 


Commercial 


220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


Chicago 11, Ill. 


351 East Ohio St. 


OSCAR CORSON 


Consulting Engineer 
Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue 


Ambler, Pa. 


Damon & Foster 
Consulting gee Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Su 


Surveys, Land Subdivision, City and 
Planning, Reports, Design, ty and own 


Sharon Hill, Pennsylvania 


Your firm should be 


listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 


treatment. 


It pays to secure competent and experienced engineering advice! 


— 
— 
—CSCSCSCSCSCiés P.O. Box 7088 1404 E. 9th St. 
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FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade 

al Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
605 Colorado Bidg. Washington 5 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (N.J.) 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 


maximum prestige! 


Belleville 9, New Jersey 


FAY, & THORNDIKE 
ENGINEERS 
CHARLES M, SporrorD W. 
JOHN AYER WILuiaM L. HYLAND 
Bion A. BOWMAN Frank L. LINCOLN 
CARROLL A. FARWELL Howargkp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment—Airports 


FREESE, NICHOLS AND TURNER 


Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


Investigations and Reports Design 
Supervision of Construction Valuations 
Boston New York 


GANNETT FLEMING CORDDRY 
EDWARD A. FULTON & CARPENTER, INC. 


Consulting Engineers ENGINEERS 


Investigations, Reports, Valuations, De- Water Works—Sewage 
sign and Construction—Water Supply and Industrial Waste & Garbage Disposal 
Purification Plants; Sewerage and Sew- Roads—Airports—Bridges & 
age Treatment Works; Municipal Pavia Flood Control 
and Power Developments; Dams an Town Planning Appraisals 
Flood Control Investigations & Reports 
New York, N. Y. 
3209 Brows Read Pittsburgh, Pa. 


Harrisburg, Pa. 


Saint Louis 14, Missouri Scranton, Pa. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Washington 
Houston BEADING, PA. philadelphia 


GLACE AND GLACE 


Consulting Sanitary Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 

Industrial Wastes Disposal 

Design, Construction, and Supervision 

of Operation 


1001 N. Front Street Harrisburg, Pa. 


WILLIAM A. GOFF, INC. 


General Engineering and Consulting Services 


CONSULTING ENGINEERS 


If you specialize in sewage and industrial 
waste treatment works, your professional 
card should be here! 


Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plants 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 
504 Keystone State Bldg., The rate of $60 per year provides for 

Philadelphia 7, Pa. 12 monthly insertions. 


Take advantage of the services of these outstanding consultants! 
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GREELEY & HANSEN 


Engineers 
Samuel A. Greeley Paul Hansen (1920-10944 
Thomas M. Niles Samuel M. Clarke 


220 8S. State Street. Chicago 4 


HAVENS AND EMERSON 


W. L. Havens Cc. A. Emerson 
A. A. Burger F.C. Tolles F. W. Jones 
W. L. Leach H. H. Moseley J. W. Avery 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bidg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. Y. 


HAYDEN, HARDING & BUCHANAN 


Consulting Engineers 
Joun L. Joun H. 
Oscar J. Campia 


Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 


810 Park Square Building, Boston, Mass. 


CHARLES HAYDOCK 
Ci 


Jed, Bagh 


Water Works and Sanitation 
Industrial Wastes 
Design, Construction, Operation and 
anagement 
Reports and Valuations 


2314 Girard Trust Co. Bidg., Phila. 2, Pa. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarp Hazen Aurrep W. Sawyer 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


110 Bast 42nd Street New York 17, N. Y. 


C.W.Durham H.H.Henningson W. A. Richardson 


HENNINGSON ENGINEERING CO. 
Consulting Engineers since 1917 for more than 
600 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, weg Control, Appraisals, 
Standard Oil Bidg. Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester D. Lege, ASSOCIATE 
Consultants to Municipalities since 1920 
WATER, SEWERAGE, PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 


241 Sheridan Road 300 Lincoln Building 
Menominee, Michigan Minneapolis 1, Minnesota 


HORNER & SHIFRIN 
Ci 


lei. Enei, 


W. W. E. B. Bross 
H. SHIFRIN Vv. C. LiscHER 
Airports — Hydraulic Engineering — 


Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 


Shell Building, St. Louis 8, Missouri 


ROBERT M. JOHNSTON 
AND ASSOCIATES 


Consulting Chemists — Bacteriologists 
Analyses—Water, Sewage, Industrial Waste 
Research Litigations 


504 N. Second St. Harrisburg, Pa. 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 

Consulting Engineers 

Formerly Solomon & Keis 
Since 1906 

Water Supply and Purification, Sew: and 
Sewage Treatment, Garbage and use 
Disposal and Incineration, Industrial 
Buildings. 
TROY, N. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction an 
Operation 
Sewerage, Sewage Treatment and 
Industrial aste Disporal 
Chemical and Biological Laboratory 


604 MISSION 8T., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 


Water Supply, Water Purification 
Sewage Treatment 
; Flood Control, Drainage, Refuse Disposal aon 
3 = | 


SEWAGE AND INDUSTRIAL WASTES 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1812 Park Bidg. Pitteburgh 23, Pa. 


Wm. S. Lozier Co. 


Consulting Engineers 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

52 Vanderbilt Ave., New York, N. Y¥. 


Parsons, Briackerhof, Hall & Macdonald 
Gale Dixon, Associate 
Engineers 


igh 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 


51 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie, Ernest W. Whitlock, G.G. Werner, Jr. 
Investigations, Reports, Plans 


Supervision of Construction 
and Operations 


Appraisals and Rates 
25 West 43rd Street New York 18, N. Y. 


LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
Desi ion 
Analytical Laboratories 
1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 


426 Cooper Bldg. Denver 8, Colorade 


Take advantage of the services of these outstanding consultants! 


80a 
4 
| 
> 
— 
Dams, Water Works, Sewerage 
Airports, Bridges, Tunnels 
; 
(= 
QO. J. B. V. Hows 
Appraisals—Reports 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, 
ee Storm Sewers, Sewage Treatment ts, a 
Refuse Disposal, Airports. 
: 
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8la 


RUSSELL and AXON 
Consulting Engineers 
Geo, 8. Russell 
Joe Williamson, Jr. ¥. E. Wenger 
Sewerage, Sewage Disposal, Water Sup- 
ater Purification, Power Plants, 
Rat Rate Investigations, Reports, 


Plans, 
Munielpal Airport 


408 Olive 
St. Louls 2, Mo. Daytona Beach, Fia. 


SMITH and GILLESPIE 
Consulting Engineers 


STANLEY ENGINEERING COMPANY 


Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 


Beports Appraisals 
Columbus 15, Ohio 


Surveys 
209 8. High 8&t. 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
Reading, Pa. 


441 North 2nd St. 


WESTON & SAMPSON 
Consul Engi 


Water Supply, 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est, 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


CONSULTING ENGINEERS! 


If you specialize in sewage and industrial waste disposal problems, pros- 
pective clients will expect to find your card in the Directory of Engineers 
contained in the... 


Official Professional Journal of the Sewage and 
Industrial Wastes Field! 


All types of 
&§ Manicipal Public Works & 
Utilities 
Complete Serviess 
P. O. Bor 1048, Jackvonville, Fla. 
: \ 
} 
Wastes 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 
| 
| 
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It's New! 
Revolutionary ! 


@ Operates at any angle of 
circle without moving ma- 
chine. Adjust platform only. 


@ Installs in a fraction of 
the time of ordinary jacks. 
No holes to chisel in bricks. 


Hangs in manholes FITS AN 
too narrow for pres- SIZE Bic thas 
ent jacks. MANHO! ‘ 

© No rebuilding of INSTALL 
manholes necessary. 

Operates in “loose LESS SNI 
brick” manholes. NO BIN 


@ Less snub on roller elimi- 
nates cable bind. Bucket 
passes easier. 


PATENTS APPLIED FOR 


A¥LEXIBLE™ 


SEWER-ROD EQUIPMENT CO. 
9055 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 


41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 

147 Hillside Terrace — Irvington, N. J. 79 Cerdan Avenue — Roslindale 31, Mass. 

P.0. Box 465 — Memphis, Tennessee 801 E. Excelsior Bivd. — Hopkins, Minn. 

1115 Delaware Ave.— Fort Pierce, Fla. 3786 Durango St.— Los Angeles 34, Calif. 

141 W. Jackson Blvd. — Chicago, Ii. 4455 S.E. 24th-Street — Portiand, Oregon 

200 Magee Bidg. — Pittsburgh, Penn. Francis Hankin— Montreal & Toronto, Can. 
351 West Jefferson Bivd. — Dallas, Texas 


AMERICA’S ‘LARGEST MANUFACTURER | 
PIPE CLEANING TOOLS AND EQUIPMER 


ROLLER) 
4 ; ) 
T 
wk jay 


INDEE TO ADVERTISERS 
Cast Iron Pipe Research é4a 
Geeeral Chemical Division (ADied Chemical & Dye’ Corp.) 58a 


Morse Bros. Machinery Company: Gate Division)... . ; | 


Yeomans Brothers Company 


DIRECTORY OF ENGINEERS, pp. 
Albright & Havens and Emerson 
Alvord, Howson Hayden, Harding & Buchanan 


F 


Corson, Oscar 

Consoer, Townsend & Aasoclates 

Damon & Foster 3 

Dechant, 

De Leuw, Cather. & Company” 

Electro Rust-Proofing Corporation or. 

Fey, Spofford & Thorndike 

Freese, Nichols and Turner 

Fulton, Edward A. 

Gansett, Fleming, & Carpenter lac. 
Associates, Inc, 


PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- 
lication of this journat. . When writing edvertisers b¢ sure to mention SEW AGB 
AND INDUSTRIAL WASTES, 


LANCASTER PRESS, ENC., ANCASTER, PA. 


i 
By 
Greeley & Hansen Whitman, Requartt & Associates 


Kcpataiin of an existing sewage plant, needed to 
meet the demands of increased population and industrial 
: growth, may necessarily be delayed by current material 
= shortages and building restrictions. In such a case, W&T 
= Chlorinators can temporarily help carry the load by improv- 

ing the efficiency of your present plant. . 

For example, overall plant efficiency can be increased 
when chlorine is applied ahead of and in the plant. Pre- 
chlorination ensures fresh sewage, giving better sedimenta- 

: tion. Plant chlorination aids grease removal, prevents filter 
'< ponding and minimizes sludge bulking. Disinfection of the 
me effluent is ensured by post-chlorination—especially impor- 
tant where full treatment facilities are limited. 

These are practical reasons why more and more com- 
munities are using W&T Chlorinators both to temporarily 
9 increase plant capacity and to ensure better operation of a 
future, expanded plant, 


: 

— 
: 
NAL Ge “TIE KANAN WA&T Program Control 


